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ABSTRACT

THE EFFECTS OF DIFFERENT MULTIMEDIA LEARNING ENVIRONMENTS
ON THE LEARNING OUTCOMES OF SECOND LANGUAGE LEARNERS:
AN ASSESSMENT OF MAYER’S REDUNDANCY PRINCIPLE

Araya Ramsin, PhD.
Department of Educational Technology, Research and Assessment
Northern Illinois University, 2016
Hayley Mayall, Director

This quasi-experimental quantitative study examined the effects of different multimedia
learning environments on the learning outcomes of second language learners. The study was
designed to specifically assess Mayer’s redundancy principle by investigating whether there was
a difference in performance outcomes of second language learners participating in two different
multimedia learning environments: 1) images with audio only and 2) images with audio and onscreen text.
A repeated-measures analysis of covariance (ANCOVA) was conducted to evaluate
change in comprehension performance from pretest to posttest, mean differences in
comprehension performance between the two groups, and group differences in comprehension
growth from pretest to posttest, using gender and English proficiency as control variables.
Additionally, an analysis of covariance (ANCOVA) was also carried out to assess group
differences in posttest scores, controlling for pretest scores, gender, and English proficiency.
Results showed no statistically significant difference in knowledge growth between
participants in the two conditions and no statistically significant difference between groups in
knowledge posttest scores. However, there was a significant change from pretest to posttest for

the combined sample of the learners. Additionally, a significant group × gender interaction effect
was observed, where males performed better on the knowledge posttest under the Images with
Audio condition while females performed better under the Images with Audio and On-Screen
Text condition. Results from this study suggested that for second language learners, the presence
of on-screen text, although redundant to the information contained in the audio, did not appear to
impair their learning.
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CHAPTER 1
INTRODUCTION
Background of the Problem

The way people learn has been revolutionized through the use of multimedia for several
decades (Al-Abbasi, 2012; Schilling, 2009; Woo, 2009). Multimedia learning takes place when
students learn from instructional content presented in more than one mode, such as words, which
can be printed or spoken, and pictures, which can be static or dynamic (Issa et al., 2011; Mayer,
1997; Mayer & Moreno, 2003). Extensive research has repeatedly reported the effectiveness of
multimedia learning over traditional classroom learning, in which instructions and lessons are
delivered mainly through words (spoken and written). Specifically, students have been found to
be more engaged and motivated in their learning across multiple domains, which often leads to a
direct impact on their learning outcomes. Studies have shown this to have happened in fields
such as sciences (Chuang & Liu, 2012; Moussa-Inaty & Atallah, 2002; Trevisan, Oki, & Senger,
2010), health informatics (Schilling, 2009), and language learning (Winke, Gass, & Sydorenko,
2010).
In the past few years, the focus of research has tended to shift away from evaluating the
effectiveness of multimedia use in the classroom to investigating how to design multimedia
learning environments that are successful and beneficial to students with various abilities and
needs (Chuang & Liu, 2012; Lusk, Evans, Jeffrey, Palmer, Wikstrom, & Doolittle, 2009). Now
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that multimedia integration in the classroom has become a more common practice across subject
areas, understanding how to utilize multimedia so that it best facilitates learners is important
(Moussa-Inaty & Atallah, 2012).

Theoretical Framework

The theoretical framework of this study is based on (a) the cognitive theory of
multimedia learning by Richard Mayer (2002) and (b) the second language acquisition theory by
Stephen Krashen (1982).

Background About Multimedia Learning

The term multimedia can be defined in a variety of ways, and it can refer to a wide range
of things (Mayer, 2002). It can sometimes be used to refer to the technologies for information
display, such as computers, networks, or devices; the representational format, such as text,
graphics, or animation; or the sensory modalities in perceiving information (Horz & Schnotz,
2008). According to Mayer (2002, 2014), multimedia is simply defined as the presentation of
words and pictures. He further explains that words refer to material presented in verbal form,
such as printed text or spoken text, and pictures refer to material presented in pictorial form, such
as static graphics, including illustrations, graphs, maps, or photos, or dynamic graphics,
including animation or videos (Mayer, 2014). Some examples of multimedia may include
watching a podcast on a smartphone, playing a strategy game on a tablet, or watching a video on
a TV screen while listening to the corresponding words, music, and sounds. Multimedia also
includes any presentation in which words and pictures are integrated (Mayer, 2014). Multimedia
learning, on the other hand, is defined as the learner’s construction of knowledge from words and

3
pictures (Mayer, 2014), and the process by which the learner builds mental representations from
words and pictures is the focus of the cognitive theory of multimedia learning (Mayer, 2009).

Cognitive Theory of Multimedia Learning

There are many different ways to design multimedia-based instruction, and doing so is a
complex challenge. One of the theories that has received wide acceptance in the world of
multimedia design is the cognitive theory of multimedia learning, a theory put forward by
Richard Mayer (2002). The theoretical foundation of the cognitive theory of multimedia
learning draws from several cognitive theories including Paivio’s dual coding theory (Paivio,
1986), Baddeley’s model of working memory (Baddeley, 1992), and Sweller’s cognitive load
theory (Chandler & Sweller, 1991). The fundamental proposition of this theory is that students
learn more deeply from words and pictures than from words alone because students have the
opportunity to build meaningful connections between words and pictures (Mayer, 2002).
Mayer’s cognitive theory of multimedia learning is premised on three assumptions: (1)
the dual-channel assumption—humans process visual and auditory information in two different
cognitive channels, (2) the limited-capacity assumption—each cognitive channel has a limited
capability, and (3) the active-learning assumption—humans actively process this visual and
auditory information as they learn. According to the theory, the human information-processing
system includes three memory stores called sensory memory, working memory, and long-term
memory (Mayer, 2002).
The cognitive theory of multimedia learning holds that in order for meaningful learning
to occur in a multimedia environment, the learner must engage in five cognitive processes: (1)
selecting relevant words for processing in verbal working memory, (2) selecting relevant images
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for processing in visual working memory, (3) organizing selected words into a verbal model, (4)
organizing selected images into a pictorial model, and (5) integrating the verbal and pictorial
representations with each other and with prior knowledge (Mayer, 2002).
In order to design effective multimedia-based instruction, various design principles must
be taken into consideration. Principles of multimedia design that have widely been adopted by
researchers across subject areas are the seven principles suggested by Mayer (2002). These
principles include multimedia principle, spatial contiguity principle, temporal contiguity
principle, coherence principle, modality principle, redundancy principle, and individual
differences principles. The design principle that this study focused on was the redundancy
principle, which is one of the principles that have largely been employed in the design of
multimedia-based instruction.
The redundancy principle states that learners can learn better and more deeply just with
pictorial information (such as animation) and verbal information (such as narration). The visual
text information (i.e., on-screen text), which is presented simultaneously to the verbal
information, becomes a redundant material. With this redundant material eliminated, learners
will be able to learn better. It is hard for people to focus their attention to all three sources of
information at the same time during a presentation (Hoffman, 2006; Mayer, 2002).

Background About Second Language Learners

The term second language is defined by the United Nations Educational, Scientific, and
Cultural Organization (UNESCO) as “a language acquired by a person in addition to his mother
tongue” (Cook, 2001, p. 13). Second language is typically used as a cover term to refer to any
language other than the first language learned by a given learner or group of learners, regardless
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of the purpose, the type of learning environment (formal or informal), or the number of other
non-native languages previously learned or acquired by the learner (Cook, 2001; Smith, 1994).
This includes foreign languages, e.g., English as a foreign language for Thais, and languages
which are not the learner’s mother tongue but are widely used in his own community, e.g.,
English for Spanish-speaking Mexicans. Smith (1994) asserts additionally that the term “second”
has a more neutral sense than definitions of terms such as “secondary” or “non-native” which
imply lower status. The term “second language” is often abbreviated to “L2” as opposed to “L1”
– the mother tongue. However, in certain circumstances, more precise terms, such as L3 and L4,
could also be used as in “the influence of a learner’s L2 German upon her L3 Dutch,” for
example.

Factors Affecting Second Language Learning

Children begin acquiring their first language (L1) from birth and are surrounded by
speakers of the language throughout their development. This contributes significantly to their
remarkable success in mastering the language. Second language (L2) learners, on the other hand,
can be of any age and in any environment, including places where the language being learned is
not a dominant language. While all first language learners are totally successful, it is common for
second language learners to fail to fully acquire the language they are learning in addition to their
first language (Han, 2004; Robertson, 2008; White, 1989).
Many factors are at work when it comes to second language learning. Some of the most
salient factors that are believed to crucially influence second language learning and differentiate
second language learners from children acquiring their first language include age of acquisition,
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mother tongue, fossilization, and learning environment (Lightbown & Spada, 1999; Robertson,
2008; White, 1989).
Age of Acquisition

The relationship between age and the potential for success in language acquisition has
been documented extensively (Nunan, 1999). It has been widely observed that when young
children immigrate to a country where the dominant language is different from their native
language, they will manage to successfully learn the new language and are able to eventually
speak the language with native-like fluency. An equally high level of proficiency, however, is
rarely achieved by their parents. Many adult second language learners have the ability to
communicate successfully. Nonetheless, the differences of accent, word choice, or grammatical
features often distinguish them from native speakers (Lightbown & Spada, 1999; White, 1989).
It is believed that there is a critical period for language acquisition. According to the
critical period hypothesis (CPH), there is a time in human development when full native
competence is possible when acquiring a language. The critical period is often claimed to end
sometime around puberty. After this period, the innate language acquisition capacities, which are
believed to contribute to language acquisition in early childhood, are no longer available.
Language learning that takes place after the critical period ends will only rely on general learning
abilities, which are the same ones used when learning other kinds of skills or information
(Birdsong, 1999; Ipek, 2009; Lightbown & Spada, 1999; Nunan, 1999; Strozer, 1994; White,
1989).
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Mother Tongue

Mother tongue interference is another crucial factor believed to prevent second language
learners from mastering the target language. Unlike children learning a first language, all second
language learners already have at least one language present in their minds (Cook, 2001), and
oftentimes the learners’ knowledge of their mother tongue appears to complicate the process of
second language acquisition (Bhela, 1999; Ipek, 2009; Swan, 2008). However, it is important to
note that this might not be the case for all second language learners. It is often suggested that
second language learners whose mother tongue is related to or has elements in common with
their second language have an advantage over learners whose native language differs from the
language they are learning (Cook, 2001; White, 1989).

Fossilization

Many adult second language learners find themselves unable to progress through the
learning process even after extended exposure to the target language (Han, 2004). “Fossilization”
is the term used to refer to the “phenomenon of non-progression of learning despite continuous
exposure to input, adequate motivation to learn, and sufficient opportunity for practice” (Han,
2004, p. 13). Fossilization can be observed even in the second language performance of
competent speakers, especially when they are tired or under pressure (Lightbown & Spada,
1999). According to White (1989), fossilization generally involves the use of forms descended
from the learner’s native language.
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Learning Environment

First language acquisition always takes place naturally with real-life input. When children
learn their first language, they are highly motivated to communicate and usually surrounded by
native speakers of the language (Robertson, 2008; White, 1989). Moreover, learning, for the
most part, occurs informally in learning environments where learners are given opportunities to
be exposed to the language without strong pressure to speak fluently and accurately when they
are not ready (Lightbown & Spada, 1999). This is strikingly different from learning
environments of second language learners where most of the learning takes place. The different
between first and second language learners’ exposure to the target language can be observed not
only in amount but also in the nature of the language used. Second language learners generally
have to follow a syllabus in which language is believed to be learned in an orderly fashion. Their
learning is often controlled by the topics and structures of a textbook (Robertson, 2008), and they
are often in situations that require “complex language” and “the expression of complicated
ideas” (Lightbown & Spada, 1999, pp. 60-61).

Second Language Acquisition Theory

Stephan Krashen (1982) proposed a theory of second language acquisition that has
become very influential in the field of second language teaching. Krashen’s theory of second
language acquisition consists of five main hypotheses: (a) the acquisition-learning distinction, (b)
the natural order hypothesis, (c) the monitor hypothesis, (d) the input hypothesis, and (e) the
affective filter hypothesis. Among these is the input hypothesis that is considered to be the
central part of an overall theory of second language acquisition (Krashen, 1985a). The input
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hypothesis model claims that humans acquire language in only one way—by understanding
messages or by receiving comprehensible input (Krashen, 1985a, 1985b). Humans naturally
focus on the meaning, rather than on form or grammar, of the message as they proceed in their
second language development (Cook, 2001; Neuman & Koskinen, 1992).
Comprehensible Input and Second Language Learning

When it comes to second language teaching, the main focus should be placed on the
importance of comprehension since acquisition is all about the learner trying to understand.
Therefore, one of the most crucial tasks for the language teacher is to provide appropriate and
meaningful messages for the student to understand the parts that are beyond their language
knowledge (Cook, 2001). The input hypothesis explains why images and other realia are
considered extremely valuable to the language teacher, especially in early stages. This is because
they provide context helpful for acquiring the target language, and that helps make input
comprehensible (Krashen, 1985b).
Neuman and Koskinen (1992) conducted a study of which the results suggested that
second language learners developed word meanings and language through comprehensible input.
The researchers found that captioned television as comprehensible input was shown to provide a
rich language environment enabling students to acquire new words through context as they
developed concepts in science. Precisely, their findings indicated that students who viewed
captioned television not only outperformed those who did not on all measures of word
knowledge, but they also appeared to remember more science content than their counterparts.
This demonstrated, therefore, that communicating messages to second language learners through
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different modalities appeared to enhance their learning rather than negatively affecting their
attention capacity (Neuman & Koskinen, 1992).

Problem Statement

Multimedia technology plays a remarkable role in promoting effective classroom
teaching and learning as teachers can use multimedia technology to transform their classes into
more colorful and engaging ones (Chuang & Liu, 2012; Pun, 2013). In this age of globalization
and information technology, where multimedia technology becomes more prominent and widely
available to all of us (Bruce, 2014; Rana, 2013; Whitchurch, 2006), educational institutions
across the globe have already started to integrate multimedia technology into education. The
current audience of multimedia instruction, therefore, includes a wide range of different groups
of learners, including those who are not native speakers of the language multimedia instructional
materials are made in, and among them are second language learners (Rana, 2013). As an
English instructor who has taught non-native English learners at universities in a foreign country
for several years, the researcher has repeatedly observed that when participating in a multimedia
learning environment where the language used is a language other than their mother tongue,
learners tend to encounter some difficulties in comprehending the content being presented.
Previous research suggests that one way to deal with this is to incorporate on-screen text, or
captions, into multimedia instructional materials presented to second language learners (Chai &
Erlam, 2008; Danan, 2004; Winke, Gass, & Sydorenko, 2013). However, this appears to
contradict Mayer’s redundancy principle, which asserts that the visual information, or on-screen
text, presented simultaneously to the pictorial and verbal information becomes redundant
material, and this can result in cognitive overload (Clark & Mayer, 2008; Mayer, 2002).
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Purpose of the Study

The purpose of this study was to investigate the effects of different multimedia learning
environments on the learning outcomes of second language learners. Specifically, this study
assessed Mayer’s redundancy principle by comparing the learning outcomes of two groups of
students presented with two formats of a multimedia lesson: (1) images with audio and (2)
images with audio and on-screen text.

Research Question

This study sought to answer the research question: Do second language learners who are
presented with a multimedia lesson containing only images and audio differ in subsequent
comprehension performance from second language learners who are presented with a multimedia
lesson containing images, audio, and on-screen text?

Significance of the Study

This study to investigate the effects of different multimedia learning environments on the
learning outcomes of second language learners can contribute significantly to the field of
educational technology. The results of this study may help expand the knowledge of how
multimedia, which is a type of technology widely employed in education, can enhance and
facilitate learning. This study may provide helpful suggestions for instructors and instructional
designers on how to appropriately incorporate multimedia into the design and development of
instructional materials that can successfully facilitate second language learners. With language
barrier being an additional factor to consider besides other key factors, such as the learner
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differences and the nature of the content, there might be a need to re-examine principles of
multimedia design that are widely accepted and confirmed by the results of many studies
previously conducted. For example, researchers such as Acha (2009) and Moussa-Inaty and
Atallah (2012) found in their studies that working memory may be overloaded due to redundancy
when pictures and written text were presented simultaneously on screen, and this appeared to
have a negative impact on learning performance. Findings from these studies proved multimedia
design principles (Mayer, 2002), especially the redundancy principle and the coherence
principle, to be accurate. On the other hand, Winke, Gass, and Sydorenko (2010) found that
having both pictures and written text together on screen appeared to enhance learning of foreign
language learners. In that particular study, the researchers’ aim was to investigate the effects of
captioning during video-based listening activities, and it turned out that the captions, which
appeared together with the videos, were beneficial to students as it enabled them to understand
the videos better. This demonstrates that multimedia design principles might not all work
perfectly in every learning context, which is why more research investigating the use of
multimedia in different learning contexts is still needed. The results from this study can add to
the existing literature of multimedia learning and can serve as research-based guidelines for
future development of multimedia instructional materials, especially in the area of English
language learning.
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Definition of Terms:

The following terms are operationally defined for this study.
Audio

Information presented in the form of narration

On-screen text

Written text that appears visually on the screen to
present information identical to the one presented
in the audio portion

Images

Still and dynamic pictures used to illustrate the
information presented both in the forms of
narration and visual text on the screen

Multimedia

The presentation of material using both words
and images (Mayer, 2002)

Multimedia learning environment

A learning environment in which learners are
exposed to material or instructional content
presented in more than one mode, such as words
and images

Learning outcomes

Knowledge gained after participating in a given
multimedia lesson as measured by growth scores
from pretest to posttest in this study

Second language learners

Students who are in the process of learning any
language other than their native language
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Chapter Summary

This chapter introduced the topic and the background of the study. Theoretical
background, which includes the cognitive theory of multimedia learning and second language
acquisition, and background about second language learners were discussed. Then, this chapter
moved on to address the problem statement, purpose for conducting the study, research question,
significance of the study, the operational definitions of terms, and delimitations and limitations
of the study.

CHAPTER 2
REVIEW OF THE LITERATURE

Introduction

A large body of research has been dedicated to the development of multimedia-based
instruction across a wide range of disciplines (Akbiyik & Akbiyik, 2010; Al-Abbasi, 2012; Gray,
Owns, Liang, & Steer, 2012; Iserbyt, Mols, Elen, & Behets, 2012; Shih, 2010; Silverman &
Hines, 2009; Trevisan, Oki, & Senger, 2010; Tsai & Jenks, 2009; Winke, Gass, & Sydorenko,
2010). Classroom implications, along with other guidelines on how to appropriately incorporate
multimedia into the development of instructional materials, derived from previous research on
multimedia learning are valuable and worthwhile. However, current literature on multimedia
learning suggests an insufficiency of multimedia research conducted with second language
learners (Karakas & Saricoban, 2012; Yuksel & Tanriverdi, 2009).
This study, therefore, focuses on the use of multimedia instructional materials created in
an attempt to facilitate second language learners. The study was based on two main theories: the
cognitive theory of multimedia learning (Mayer, 2002), particularly the redundancy principle,
and the second language acquisition theory (Krashen, 1982), with an emphasis on the input
hypothesis. This chapter provides an overview of the two theories, general background of second
language learners, and studies relevant to the use of multimedia and second language learning.
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The Cognitive Theory of Multimedia Learning

The first theory underpinning this study is the cognitive theory of multimedia learning, a
theory developed by Richard Mayer (2002). The cognitive theory of multimedia learning is a
theory that is built upon Paivio’s dual coding theory (Paivio, 1986), Baddeley’s model of
working memory (Baddeley, 1992), Sweller’s cognitive load theory (Chandler & Sweller, 1991),
Wittrock’s generative theory (Wittrock, 1989), and Mayer’s SOI model of meaningful learning
(Mayer, 1996).The cognitive theory of multimedia learning has been used in a wide range of
studies to investigate the effects of multimedia utilization on student learning performances
(Akbiyik & Akbiyik , 2010; Al-Abbasi, 2012; Chuang & Liu, 2012; Gray, Owens, Liang, &
Steer, 2012; Issa et al., 2011; Kartal, 2010; Moussa-Inaty & Atallah, 2012; Winke, Gass, &
Sydorenko, 2010). The theory claims that students are able to learn more effectively using
materials that contain both words and pictures rather than from materials that are text based as
multimedia materials give students the opportunity to build meaningful connections between
words and pictures (Mayer, 2002). The cognitive theory of multimedia learning is composed of
multiple aspects, and those include assumptions of the cognitive theory of multimedia learning,
memory stores in multimedia learning, processes in the cognitive theory of multimedia learning,
and multimedia design principles.
Three Assumptions of the Cognitive Theory of Multimedia Learning

The theory is based on a fundamental belief that decisions about how to design
multimedia instructional materials should always reflect an underlying conception of how the
human mind works. The three assumptions of the cognitive theory of multimedia learning
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include dual-channel assumption, limited capacity assumption, and active processing
assumption.

Dual-Channel Assumption

The dual-channel assumption is that humans have separate channels for processing
visual/pictorial material and auditory/verbal material. When information is presented to the eyes
(such as illustrations, animations, video, or on-screen text), humans begin by processing that
information in the visual channel; when information is presented to the ears (such as narration or
nonverbal sounds), humans begin by processing that information in the auditory channel
(Baddeley, 1992; Mayer, 2002; Paivio, 1986).
Although information enters the human information system through one channel, it is
also possible for the representation to later be converted for processing in the other channel. For
example, on-screen text may initially be processed in the visual channel as it is presented to the
eyes, but an experienced reader may be able to mentally convert images into sounds, which are
processed through the auditory channel. Likewise, an illustration of an object may initially be
processed in the visual channel, but the learner may also be able to mentally construct the
corresponding verbal description in the auditory channel. Conversely, a narration describing
some event may initially be processed in the auditory channel as it is presented to the ears, but
the learner may also form a corresponding mental image that is processed in the visual channel
(Mayer, 2002).
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Limited-Capacity Assumption

The second assumption is that humans are limited in the amount of information that can
be processed in each channel at one time. When an illustration or animation is presented, the
learner is able to hold only a few images in working memory at any one time, reflecting portions
of the presented material rather than an exact copy of the presented material. In the same way,
when a narration is presented, the learner is able to hold only a few words in working memory at
any one time (Baddeley, 1992; Chandler & Sweller, 1991; Mayer, 2002).
Due to this limitation, humans are forced to automatically make decisions about which
pieces of incoming information to pay attention to, the degree to which they should build
connections among the selected pieces of information, and the degree to which they should build
connections between selected pieces of information and their existing knowledge (Mayer, 2002).

Active-Processing Assumption

The third assumption is that humans are active processors who seek to make sense of
multimedia presentations, which is the opposite of a common view that humans are passive
processors who seek to add as much information as possible to memory. Learning occurs when
humans actively engage in appropriate cognitive processing during learning. These active
cognitive processes include selecting relevant material, organizing the material into a coherent
structure, and integrating it with other knowledge (Mayer, 2002; Wittrock, 1989).
Selecting relevant material takes place when a learner pays attention to appropriate words
and images in the presented material. This process involves bringing material from the outside
into the working memory component of the cognitive system. Organizing selected material
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involves building structural relations among the elements. This process occurs within the
working memory component of the cognitive system. Integrating selected material with existing
knowledge involves building connections between incoming material and relevant portions of
prior knowledge. This process involves activating knowledge in long-term memory and bringing
it into working memory (Mayer, 2002; Wittrock, 1989).
Three Memory Stores in Multimedia Learning

The human information processing system includes three memory stores: sensory
memory, working memory, and long-term memory (see Figure 1)
Multimedia
presentation

Sensory
memory

Words

Ears

Working memory

Selecting
words

Sounds

Organizing
words

Long-term memory

Verbal
Integrating

Pictures

Eyes

Selecting
images

Images

Organizing
images

Prior
knowledge

Pictorial

Figure 1. Cognitive theory of multimedia learning (Mayer, 2005).
Sensory Memory

Pictures and words come in from the outside world as a multimedia presentation and
enter sensory memory through the eyes and ears. Sensory memory allows for pictures and
printed text to be held as exact visual images for a very brief time period in a visual sensory
memory and for spoken words and other sounds to be held as exact auditory images for a very
brief time period in an auditory sensory memory. The arrow from pictures to eyes corresponds to
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a picture being registered in the eyes, the arrow from words to ears corresponds to spoken text
being registered in the ears, and the arrow from words to eyes corresponds to printed text being
registered in the eyes (Mayer, 2002, 2005).

Working Memory

Working memory is where the central work of multimedia takes place. It is used for
temporally holding and manipulating knowledge in active consciousness. The left side of
working memory represents the raw material that comes into working memory through two
sensory modalities, visual and auditory. In contrast, the right side of working memory represents
the knowledge constructed in working memory based on two representation modes, pictorial and
verbal. The arrow from sounds to images represents the mental conversion of a sound into a
visual. For example, when learners hear the word "cat," they might also form a mental image of a
cat. The arrow from images to sounds represents the mental conversion of a visual image into a
sound. For example, learners might also mentally hear the word “cat” when they see an image of
a cat (Mayer, 2002, 2005).

Long-Term Memory

Long-term memory corresponds to the learner’s storehouse of knowledge. Unlike
working memory, long-term memory can hold large amounts of knowledge over long periods of
time, but to actively think about material in long-term memory it must be brought into working
memory (Mayer, 2002, 2005).
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Five Processes in the Cognitive Theory of Multimedia Learning

In order for meaningful learning to occur in a multimedia environment, the learner must
engage in five cognitive processes: selecting relevant words for processing in verbal working
memory, selecting relevant images for processing in visual working memory, organizing selected
words into a verbal model, organizing selected images into a pictorial model, and integrating the
verbal and pictorial representations with each other and with prior knowledge.

Selecting Relevant Words

This process involves a change in knowledge representation from the external
presentation of spoken words to a sensory representation of sounds to an internal workingmemory representation of word sounds. The input for this step is a spoken verbal message. The
output for this step is a word sound base, called “sounds” in Figure 1. This process of selecting
relevant words involves paying attention to some of the words that are presented in the
multimedia message as they pass through auditory sensory memory. The need for selecting only
part of the presented message occurs because of capacity limitations in each channel of the
cognitive system. The selection of words is not arbitrary. Instead, the learner must be an active
sense maker and determine which words are most relevant (Mayer, 2002).

Selecting Relevant Images

This process involves a change in knowledge representation from the external
presentation of pictures to a sensory representation of unanalyzed visual images to an internal
representation in working memory. The input for this step is a pictorial portion of a multimedia
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message that is held briefly in visual sensory memory. The output for this step is a visual image
base, called images in Figure 1. This process of selecting relevant images involves paying
attention to part of the animation or illustrations presented in the multimedia message. Because
of the limited processing capacity of the cognitive system, it is impossible to process all parts of
a complex illustration or animation. Learners must focus on only part of the incoming pictorial
material. Like the selection process for words, the selection process for images is not arbitrary,
and the learner must judge which images are most relevant for making sense out of the
multimedia presentation (Mayer, 2002).

Organizing Selected Words

This process requires the learner to organize the selected words or phrases into a coherent
representation in the learner’s working memory, called a verbal model in Figure 1. This process
of organizing selected words requires the learner to build connections among pieces of verbal
knowledge due to the same capacity limitations that affect the selection processes. Since learners
do not have unlimited capacity to build all possible connections, they must focus on building a
simple structure. Again, this process is not arbitrary, but rather reflects an effort at sense making
(Mayer, 2002).

Organizing Selected Images

The process for organizing images parallels that for selecting words. That is, it requires
the learner to organize the selected images into a coherent representation in the learner’s working
memory, called a pictorial model in Figure 1. In this process of organizing selected images, the
learner is required to build connections among pieces of pictorial knowledge because of the same
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capacity limitations that affect the selection processes. Learners are not able to build all possible
connections among images in their working memory, so they must focus on building a simple set
of connections. This process of organizing words is also not an arbitrary one. Instead, it reflects
an effort to build a simple structure that makes sense to the learner (Mayer, 2002).

Integrating Word-Based and Image-Based Representations

This step involves a change from having two separate representations, a pictorial model
and a verbal model, to having an integrated representation in which corresponding elements and
relations from each model are combined. This integrated model also includes connections with
prior knowledge. This process of integrating words and images involves building connections
between corresponding portions of the pictorial and verbal models as well as knowledge from
long-term memory. This is an extremely demanding process that requires the efficient use of
cognitive capacity and the focus on the underlying structure of the visual and verbal
representations. The learner can also use prior knowledge to help coordinate the integration
process (Mayer, 2002).

Seven Principles of Multimedia Design

Mayer (2002) suggested seven principles for the design of multimedia messages.

Multimedia Principle

The term multimedia principle (Mayer, 2002) refers to the research finding that words
and pictures are more conducive to learning rather than just words alone (Mayer, 1989; Mayer &
Anderson, 1991; Mayer & Gallini, 1990). Mayer (2002) explains that when words and pictures
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are both presented, students have an opportunity to construct verbal and pictorial mental models
and to build connections between them. On the other hand, when words alone are presented,
students have an opportunity to build a verbal mental model but are less likely to build a pictorial
mental model or make connections between the verbal and pictorial mental models.

Spatial Contiguity Principle

The spatial contiguity principle (Mayer, 2002) states that “people learn more deeply from
a multimedia message when corresponding words and pictures are presented near rather than far
from each other on the page or screen” (Mayer & Fiorella, 2014, p. 280). This claim has also
been supported by a number of research studies in this area (Chandler & Sweller, 1991, 1992;
Chung, 2007; Johnson & Mayer, 2012; Mayer, 1989; Mayer, Steinhoff, Bower, & Mars, 1995;
Tindall-Ford, Chandler, & Sweller, 1997). The theoretical rationale behind this is that when
corresponding words and pictures are presented near each other on the page or screen, learners
do not have to use cognitive resources to visually search the page or screen and learners are more
likely to be able to hold them both in working memory at the same time. In contrast, when
corresponding words and pictures are far from each other, learners have to visually search the
page or screen for corresponding words and pictures, and they are less likely to hold them both in
working memory at the same time (Clark & Mayer, 2008; Mayer, 2002).

Temporal Contiguity Principle

Research concerning the temporal contiguity principle (Mayer, 2002) suggests that
people learn more deeply from a multimedia message when corresponding words and pictures
are presented simultaneously rather than successively (Mayer & Anderson, 1991, 1992; Mayer,
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Moreno, Boire, & Vagge, 1999; Mayer & Sims, 1994; Owen & Sweller, 2008). When words and
pictures are presented simultaneously, the learner is more likely to hold mental representations of
both words and pictures in working memory at the same time, allowing for mental connections
between verbal and visual representations to be built (Clark & Mayer, 2008; Mayer, 2002).

Coherence Principle

The coherence principle (Mayer, 2002) refers to the inclusion of only necessary material.
Based on extensive research regarding the coherence principle, students tend to learn better when
extraneous words, pictures, and sounds are excluded rather than included (Harp & Mayer, 1997,
1998; Mayer, Bove, Bryman, Mars, & Tapangco, 1996; Mayer, DeLeeuw, & Ayres, 2007;
Mayer & Jackson, 2005; Moreno & Mayer, 2000; Sung & Mayer, 2012). According to Mayer
(2002), extraneous material can compete for cognitive resources in working memory. It can also
divert attention from the important material, disrupt the process of organizing the material, and
lead the learner to organize the material inappropriately.

Modality Principle

The modality principle (Mayer, 2002) centers on the idea that “people learn more deeply
from a multimedia message when the words are spoken rather than printed” (Mayer & Pilegard,
2014, p. 317). This principle was formed based upon a large body of research (Jeung, Chandler,
& Sweller, 1997; Kalyuga, Chandler, & Sweller, 2000; Mayer & Moreno, 1998; Moreno, Mayer,
Spires, & Lester, 2001; Mousavi, Low, & Sweller, 1995; O’Neil et al., 2000; Tindall-Ford,
Chandler, & Sweller, 1997). The theoretical rationale for the modality principle is that when
words in a multimedia message are presented as narration, i.e., spoken text, the auditory/verbal
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channel can be used for processing words and the visual channel can be used for processing
pictures. The load is, therefore, balanced between two channels (Mayer, 2002).

Redundancy Principle

The redundancy principle (Mayer, 2002) refers to the belief that people can learn better
and more deeply from pictures and narration than from pictures, narration, and on-screen text.
The redundancy principle is derived from findings of previous research conducted by multiple
researchers (Kalyuga, Chandler, & Sweller, 1999, 2000; Mayer, Heiser, & Lonn, 2001; Mousavi,
Low, & Sweller, 1995). According to Mayer (2002), cognitive overload can happen in the visual
channel when both pictures and text are presented visually at the same time. In contrast, when
only narration and pictures are presented, the pictorial information enters through the eyes and is
processed in the visual/pictorial channel while the narration enters through the ears and is
processed in the auditory/verbal channel. This way, the chances for overload are minimized, and
so the learner is more able to engage in appropriate cognitive processing.

Individual Differences Principle

The individual differences principle (Mayer, 2002) suggests that design effects are
stronger for low-knowledge learners than for high-knowledge learners and for high-spatial
learners rather than for low-spatial learners (Mayer & Gallini, 1990; Mayer & Sims, 1994;
Mayer, Steinhoff, Bower, & Mars, 1995). As for the theoretical rationale, Mayer (2002) explains
that for high-knowledge learners, they are able to use their prior knowledge to compensate for
the absence of guidance in the presentation while low-knowledge learners are less able to engage
in useful cognitive processing when guidance is not available. Unlike high-spatial learners, who
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possess the cognitive capacity to mentally integrate visual and verbal representations, low-spatial
learners need to devote so much cognitive capacity to holding the presented images in memory
that they tend not to have enough capacity left to mentally integrate visual and verbal
representations.

Research Related to Cognitive Theory of Multimedia Learning

Since the cognitive theory of multimedia learning (Mayer, 2002) is considered one of the
major theories in the area of multimedia learning, it has widely been employed in a big number
of studies. Some aspects of the theory have been tested and proved to be accurate while some
have been challenged, as the results from those studies do not appear to support what is claimed
by the theory. Examples of components of the cognitive theory of multimedia learning that have
been incorporated into previous studies include the dual-channel assumption (Silverman &
Hines, 2009), the limited capacity assumption (Kim & Kim, 2012), and the personalization
principle (Kartal, 2010), the modality principle (Al-Abbasi, 2012), the multimedia principle
(Gray, Owns, Liang, & Steer, 2012; Iserbyt, Mols, Elen, & Behets, 2012), the redundancy
principle (Winke, Gass, & Sydorenko, 2010), and the spatial contiguity principle (Iserbyt, Mols,
Elen, & Behets, 2012).
Comparison of Different Instructional Multimedia Formats

A number of recent studies on multimedia learning have been conducted with the focus
on how to develop multimedia instructional materials that would effectively enhance learning. In
these studies, different formats of multimedia instructional materials were developed and tested
with various groups of learners. For example, Akbiyik and Akbiyik (2010), who conducted a
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study to investigate whether students’ interpretation achievement differed with different
multimedia presentation types, developed four multimedia presentations: (1) text only, (2) audio
only, (3) text and audio, and (4) text and images. Similarly, Moussa-Inaty and Atallah (2012)
investigated the use of different multimedia instructional design formats on learning. In their
study, the researchers compared several instructional formats of multimedia material, which
included (1) audio only, (2) text only, (3) text and audio, (4) audio and image, (5) text and
images, and (6) audio with text and images. Some studies, however, compared only two different
formats of multimedia presentation such as between captioned and non-captioned videos (Winke,
Gass, & Sydorenko, 2010), between bimodal (audio and pictures) and unimodal (text and
pictures) (Al-Abbasi, 2012), or between text-only condition and text-and-picture condition
(Iserbyt, Mols, Elen, & Behets, 2012).
Images in Multimedia Learning

In order to design an effective multimedia learning environment, researchers also focused
their attention on the role of images in their studies. Some of them found that images were
significant in promoting learning (Douglas, Ayres, Langone, & Bramlett, 2011; Trevisan, Oki, &
Senger, 2010) and some found the opposite (Gray, Owns, Liang, & Steer, 2012; Iserbyt, Mols,
Elen, & Behets, 2012). In their study, Trevisan, Oki, and Senger (2010) found that images, or 3D animations in this study, were significant in helping students learn. Douglas, Ayres, Langone,
and Bramlett (2011) also conducted a study to investigate the role of images in multimedia
learning and found similar results. The researchers’ aim was to evaluate the effects of a
computer-based instructional program to assist students with intellectual disabilities in using
pictorial graphic organizers as aids for improving comprehension of text-based recipes. Findings
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from the study revealed that the grouping of pictures on graphic organizers assisted students with
their comprehension of the text. Chuang and Liu (2012) implemented eye-tracking technology to
understand the impact of different multimedia instructional materials. They found that students
appeared to spend considerable amount of time fixating on the picture areas as they were trying
to make sense of the learning content presented to them. Their findings also revealed that when
pictures and words were used as primary sources of information, students appeared to be more
cognitively engaged in processing the pictorial information when text information was presented
in small segments.
Some studies, however, did not yield positive results regarding the use of images in
multimedia learning. For example, students learning Basic Life Support, which is a psychomotor
skill consisting of nine lifesaving actions to be performed in a specific order, were able to
perform well at the end of the lesson whether the instructional material given to them was text
based or text with images (Iserbyt, Mols, Elen, & Behets, 2012). It was also found that the
presence or absence of an illustration in a clicker question did not have any effect on student
responses (Gray, Owns, Liang, & Steer, 2012).

Written Text in Multimedia Learning

It was found in previous studies on multimedia learning that text played a significant role
in fostering student learning. Winke, Gass, and Sydorenko (2010) found that captioned rather
than non-captioned videos better enhanced foreign language learners’ novel vocabulary
recognition and overall comprehension of the videos. Their results showed that written text,
which was presented in the form of captions in their videos, was a crucial element. Likewise,
Moussa-Inaty and Atallah (2012), who compared various formats of multimedia instructional
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materials, also found that students who were given materials that included the reading
component, or written text, appeared to outperform students who were given materials that
contained only the listening and/or graphics components.

The Use of Modalities in Multimedia Learning

The use of modalities has repeatedly been reported in recent research to be effective in
facilitating learning. More input was shown to lead to greater depth of processing because
learners did not utilize different modes of input in the same way, and using different input
modes, such as audio, images, and written text, is helpful as they could reinforce one another
(Winke, Gass, & Sydorenko, 2010). In 2010, there was a study conducted to determine whether
students’ interpretation achievement differed with different multimedia presentation types. It was
found in this particular study that students who learned through different modes of learning were
able to perform significantly better than those who learned through only a single input mode,
such as text only or audio only (Akbiyik & Akbiyik, 2010).

Multimedia Learning and Language Learners

Research in multimedia learning has been conducted to investigate the effectiveness of
multimedia instructional materials in a wide range of subject areas, including language learning.
Tsai and Jenks (2009) explored the effect of a teacher-guided multimedia CD-ROM program as a
supplement in teaching vocabulary acquisition to Taiwanese EFL students. Students who
received the multimedia supplement were able to achieve better English vocabulary acquisition
than those who received traditional instruction. Meanwhile, traditional and multimedia-enhanced
read-aloud vocabulary instructions were compared in a study by Silverman and Hines (2009).
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The researcher also investigated whether the use of multimedia-enhanced intervention had a
differential effect on non-English language learners and English language learners. Their results
revealed multimedia-enhanced instruction appeared to have a positive effect on English language
learners, but the same effect did not occur for non-English language learners. Some researchers
investigating the effects of multimedia learning on language learners focused on the physical
design of multimedia instructional materials such as screen sizes (Kim & Kim, 2012). Also,
different forms of multimedia have been incorporated into language classes. For example, in a
study conducted to establish a blended teaching and learning model using online and face-to-face
instructional blogging for an English public speaking course, the researcher used multimedia in
the form of video-based blogs to enhance students’ public speaking skills (Shih, 2010).

Second Language Acquisition Theory

A theory of second language acquisition that has had a significant influence on second
language teaching practice is the one put forth by Stephan Krashen (1982) (Lightbown & Spada,
1999). Krashen’s theory of second language acquisition was used to underpin this study in
addition to Mayer’s cognitive theory of multimedia learning. This theory was selected because it
is the predominant theory in the field of second language acquisition. The theory is also widely
respected and has been studied frequently. Most importantly, the theory contains an element
called the “input hypothesis”, which is directly relevant to this study.
Krashen’s theory of second language acquisition is described in five central hypotheses:
(a) the acquisition-learning distinction, (b) the natural order hypothesis, (c) the monitor
hypothesis, (d) the input hypothesis, and (e) the affective filter hypothesis. According to the
theory, these five hypotheses are claimed to account for the acquisition of a second language.
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The Acquisition-Learning Distinction

The acquisition-learning distinction is considered the most fundamental of all the
hypotheses in Krashen’s theory of second language acquisition. According to Krashen (1982),
humans possess two separate and independent ways of developing second language competence.
The first way is called language acquisition, which is a process similar to the way children
naturally develop ability in their first language. Language acquisition takes place as a
subconscious process. That is, language acquirers tend to focus their attention on the fact that
they are using the language for communication without being aware that they are acquiring
language. The outcome of language acquisition is also subconscious. This explains why people
can use their native languages accurately even though they are not consciously aware of the
grammar rules. They can tell whether or not a sentence is grammatically correct although they
might not be able to provide a grammar-related explanation for it. The second way is called
language learning. This process refers to conscious knowledge of a second language. Learning is
the product of formal instruction, and it involves a conscious process in which learners are
consciously aware of the rules and able to talk about them. Language learning is considered
formal knowledge of a language or explicit learning (Krashen, 1982).
The Natural Order Hypothesis

The acquisition of grammatical structures is believed to follow a predictable order.
Certain grammatical structures appear to be acquired early, and others are later (Krashen, 1982).
For example, it was found that children acquiring English as a first language tended to acquire
the progressive marker ing and the plural marker /s/ before the third person singular marker /s/
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and the possessive /s/, which were acquired approximately six months to one year later (Brown,
1973). Children acquiring English as a second language were also found to follow a certain
order as they acquired grammatical structures of the language (Dulay & Burt, 1974).
The Monitor Hypothesis

The monitor hypothesis explains the relationship between the two systems of language
development, acquisition and learning. According to Krashen, acquisition is normally what
initiates utterances in a second language and is responsible for fluency. The learning system, on
the other hand, performs as a monitor or editor with a planning, editing, and correcting function.
The learning system, however, comes into play only when three specific conditions are met.
First, the learner needs to have sufficient time in order to effectively deal with conscious rules.
Krashen noted, however, that normal conversation tends not to allow enough time for people to
think about rules as they converse and that the overuse of rules in conversation can cause
communication problems, such as a hesitant style of talking and inattention to what the other
person is saying. Second, in addition to having sufficient time, the learner must also be focused
on form, or thinking about correctness, because even when people have time, they might use that
time thinking about what they are saying rather than how they are saying it. Finally, the learner is
also required to know the rule in order to be able to think about or use it effectively (Krashen,
1982).

The Input Hypothesis

This hypothesis is Krashen’s explanation of how second language acquisition takes place.
The input hypothesis claims that language acquisition can only occur when the learner receives
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messages he/she can understand, a concept called comprehensible input. Exposure to
comprehensible input is, therefore, considered crucial for second language learning to take place.
However, Krashen suggests that in order for both comprehension and acquisition to occur, the
input must be one step beyond the learner’s current state of knowledge (i), as represented in i +
1, in order for the learner to continue to progress with his/her language development (Krashen,
1982).

The Affective Filter Hypothesis

The affective filter hypothesis explains how affective variables relate to the process of
second language acquisition. The affective filter refers to an imaginary barrier that prevents
learners from acquiring language from the available input. It limits what is noticed and what is
acquired (Krashen, 1982). Affective factors can include motives, needs, attitudes, and emotional
states. For example, a learner who is stressed, worried, or bored may filter out comprehensible
input, making it unavailable for acquisition (Lightbown & Spada, 1999). This hypothesis might
also help explain why some learners may be successful while some are not even though they are
all given the same opportunity to learn.
Comprehensible Input and Second Language Learning

Krashen’s input hypothesis has been recognized to have a tremendously profound impact
on the field of second language acquisition and teaching (Johnson, 2004). The input hypothesis is
what Krashen believed to be the core element of second language acquisition theory. This
hypothesis is centered on the fundamental idea that humans need to receive comprehensible
input in order to acquire language (Ipek, 2009; Johnson, 2004, Krashen, 1985a). In other words,
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the learner must understand the message being conveyed. Comprehensible input, according to
Krashen (1985a), is the “essential ingredient for second language acquisition” (p.4), and all other
factors believed to cause or enhance second language acquisition will not have a desirable effect
unless they contribute to comprehensible input (Krashen, 1985a).
There are two corollaries listed based on the input hypothesis, which can also be
considered as implications for second language classrooms:
1. Speaking is a result of acquisition and not its cause. Speech cannot be taught directly
but “emerges” on its own as a result of building competence via comprehension input.
2. If input is understood, and there is enough of it, the necessary grammar is
automatically provided. The language teacher need not attempt deliberately to teach
the next structure along the nature order—it will be provided in just the right
quantities and automatically reviewed if the student receives a sufficient amount of
comprehensible input (Krashen, 1985a, p.2).

Instructional Materials for Second Language Learners

The change in focus from grammar instruction to comprehensible input calls for a
considerable adjustment in instructional materials as well (Krashen, 1985b). To begin with, it
might not be necessary to give each student a standard textbook. Instead, such a textbook should
serve as an aid to the second language teacher in preparing comprehensible input for the student.
It is beneficial to include visuals to aid in comprehension and some vocabulary to help guide the
learner.
One interesting way for the learner to learn a second language is to use reading,
especially pleasure reading. It is comprehensible input and often reported to have a profound
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effect on language acquisition (Krashen, 1985b). For example, Janopoulos (1986) conducted a
study to investigate the relationship between pleasure reading and second language writing
proficiency and found that students who were heavy pleasure readers in English appeared to be
more proficient writers in English. Students who were heavy pleasure readers in their native
language, on the other hand, did not show such tendency. Likewise, Beglar (2014) also found in
his study conducted on Japanese students learning English that greater amount of pleasure
reading was associated with greater reading rate gains.
Another type of instructional material that makes an excellent supplementary source of
comprehension input is aural media. Topics can be almost anything as long as they are
comprehensible and interesting. In situations where little comprehensible input is available, such
as in teaching English as a foreign language in countries where English is not spoken, the use of
listening materials could be particularly beneficial. In fact, aural media could be the major source
of native-like comprehensible input in these situations, especially when native teachers of the
target language are not available. Finally, it is helpful to have written materials to supplement the
aural media, such as books that supply background text and visuals that help make the aural
input comprehensible (Krashen, 1985b).

Captioning and Subtitling as Comprehensible Input

When children learn a second language, they tend to focus on the meaning rather than on
the form of the message, which is consistent with what is claimed by the second language
acquisition theory that children acquire a second language by understanding messages or by
receiving comprehensible input (Krashen, 1985a; Neuman & Koskinen, 1992). Since television
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with subtitles and videos with captions contain messages understandable to language learners,
they can be considered comprehensible input (Neuman & Koskinen, 1992).
The terms captioning and subtitling both relate to the addition of on-screen text that
renders dialogue; however, captions are usually in the same language as audio while subtitles are
usually a translation to another language (Mosconi & Porta, 2012; Parlatto, 1986). Research
investigating the effects of captioning and subtitling on second language learners has been
conducted with diverse groups of populations, including Chinese learners of English (Chai &
Erlam, 2008), Turkish learners of English (Yuksel & Tanriverdi, 2009), as well as Englishspeaking learners of Arabic, Chinese, Russian, and Spanish (Winke, Gass, & Sydorenko, 2013).
Previous research suggests that the use of captioning and subtitling is advantageous and could
benefit language learners in many ways. Captioning was found to be helpful to second language
learners because it helps them visualize what they hear, especially when their linguistic
knowledge is limited (Danan, 2004). Captioning also helped second language learners to be more
certain of ambiguous input and to analyze words and phrases, which led to a better
comprehension of content presented to them (Chai & Erlam, 2008; Danan, 2004; Winke, Gass, &
Sydorenko, 2013). With the absence of captions and subtitles, language learners often find
audiovisual input in a foreign language challenging and difficult to comprehend due to its
“complexity and transient nature” (Danan, 2004, p.76).
However, not all studies yielded favorable results regarding the use of captioned and
subtitled videos to facilitate second language learners. For example, there was a study aimed to
examine the effects of using English captions on English as a foreign language students’
vocabulary acquisition of a video episode (Yuksel & Tanriverdi, 2009). Results revealed no
significant difference in vocabulary knowledge gained between students who watched the movie
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clip with the captions and those who watched it without the captions. Similarly, findings of a
study conducted by Karakas and Saricoban (2012) did not appear to support the claim that
captioning and subtitling facilitate second language learners. Participants in this study were
found to improve significantly from pretest to posttest scores whether they watched the movies
with or without subtitles.
Researchers have made helpful suggestions regarding the use of captions and subtitles to
facilitate second language learners. Some learners may have difficulties attending to all three
information sources—sound, pictures, and captions/subtitles—at the same time, and one way to
minimize this problem may be to vary the use of video with captions/subtitles and without
captions/subtitles to allow the learner to attend to auditory and pictorial information when
captions/subtitles are not present (Chai & Erlam, 2008). Another suggestion may be to pause
videos to allow the learner extra time in processing captions/subtitles and then replay the audio
in connection with the captions/subtitles again (Winke, Gass, & Sydorenko, 2013). As for future
research, more studies on the use of captions and subtitles that focus on different language skills
such as listening, reading, and comprehension are needed (Karakas & Saricoban, 2012; Yuksel &
Tanriverdi, 2009).

Chapter Summary

The theoretical framework of this study consists of two theories: the cognitive theory of
multimedia learning (Mayer, 2002) and the second language acquisition theory (Krashen, 1982).
The fundamental proposition of the cognitive theory of multimedia learning is that people are
able to learn more effectively when the learning content is presented through both text and
pictures rather than through text alone. The theory is composed of several components; however,
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the one that this study will focus on is the redundancy principle. According to this principle,
people are believed to learn more deeply from animation and narration rather than from
animation, narration, and on-screen text. The second language acquisition theory is comprised of
five main hypotheses, but this study will focus mainly on the input hypothesis, which holds that
humans acquire language in only one way, that is, by exposure to comprehensible input.
Studies relevant to multimedia learning in general and studies related to the use of
captioning and subtitling as comprehensible put for second language learners have been
discussed in this chapter. The review of recent research studies on the use of multimedia
instructional materials to foster students’ learning has provided a valuable overview of how to
create effective multimedia learning environments that best benefit learners. In these previous
studies, most of the researchers no longer questioned the effectiveness of multimedia use in the
classroom. Rather they were more interested in investigating how to design multimedia learning
environments that are successful and beneficial to learners.
Findings from previous studies suggested that there might not be any one particular
instructional multimedia format that would work best for all learners or would fit well in every
learning situation. There are a number of factors that need to be taken into consideration when
designing a multimedia environment. Factors such as the style of language use, combination of
multimedia elements, learning contexts, and the ability to comprehend multimedia all
significantly contribute to the design of multimedia learning. Therefore, in order to appropriately
design multimedia instructional material for second language learners, it is important to know
whether or not the instructional material that has been designed for native speakers can just be
used with second language learners or whether multimedia environments need to be redesigned
to target the type of language learners they are for.

CHAPTER 3
METHODOLOGY

Research Design

This study used a quasi-experimental, pretest/posttest quantitative design to investigate
whether there is a difference in performance outcomes of second language learners participating
in two different multimedia learning environments: 1) images with audio only and 2) images
with audio and on-screen text. The content knowledge presented in both multimedia learning
environments was the same. The treatment conditions were randomly assigned to two groups of
participants (see Figure 2).

Multimedia Learning Environments
Students
Group 1

Pretest

Images + Audio

Posttest

Students
Group 2

Pretest

Images + Audio +
On-screen Text

Posttest

Figure 2. Study design model.
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Threats to Validity
Threats to Internal Validity

One of the threats to internal validity was selection. For this study, level of English
proficiency and gender of participants might affect their learning outcomes. To remedy this
threat, participants’ level of English proficiency and their gender were used as control variables
in the data analysis process. Another threat was instrumentation. A potential threat to internal
validity of this experiment may occur if the measures used for the pretest and posttest are
different (Creswell, 2015). To avoid this threat, the same set of items was used for both the
pretest and posttest, although the sequence of the test items and choices was altered.
Threats to External Validity

Interaction of setting and treatment was one of the potential threats to external validity of
this study because this study was conducted with a selected group of second language learners at
a university in Thailand. To be able to generalize the results obtained from this study to other
settings, the researcher would need to conduct additional studies that include participants from
different settings to see if the same results occur. Another threat that could have occurred was
interaction of history and treatment. For this study, each participant only received one 20-minute
lesson, and the study was not carried out over a long period of time; any attempt to generalize the
findings to past or future situations can, therefore, potentially create a threat to external validity.
To increase generalizability, the researcher would need to replicate the study at later times and
determine whether it would yield the same results (Creswell, 2015).

42
Participants

The sample for this study consisted of 230 undergraduate students enrolled in a single
English course at a university in Thailand. Nine sections of students, with approximately 25-35
students each, were recruited. Students within each section remained together as intact groups,
but these nine sections of students were randomly assigned into two different groups defined by
the type of multimedia learning environment that the students experienced: (1) images with
audio and (2) images with audio and on-screen text. The participants were recruited through
nonprobability convenience sampling and were a sample of the entire undergraduate student
population at this particular university of approximately 25,000.
Although the participants were selected based on their convenience and availability, they
were required to meet certain criteria of the study. First, all participants were in the same age
range, which was between 18 and 21 years. Second, they were enrolled in at least one English
course at the time the study was conducted. Finally, to minimize effects due to potential
differences among academic disciplines, all participants were in the same academic discipline.
The researcher contacted the director of the university language institute, who was in charge of
all English courses offered at the university, to ask for permission to conduct the study. Once the
permission was granted, the researcher contacted English language instructors whose students
met all of the criteria of the study. Permission was requested from each instructor to access her or
his course section and request participation from the students.
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Ethical Principles/Human Subject Compliance

Prior to data collection process, the researcher completed the CITI’s IRB training
courses. Consent forms for both the research setting and NIU were presented to and signed by all
participants in this study. A notice of privacy practices was provided to the participants to inform
them how their data would be used. Informed consent to participate in the research was requested
of all students. All documents for consent, privacy, and a full description of the study were
approved by the Institutional Review Boards of the research site as well as NIU.

Research Question

This study sought to answer the research question: Do second language learners who are
presented with a multimedia lesson containing only images and audio differ in subsequent
comprehension performance from second language learners who are presented with a multimedia
lesson containing images, audio, and on-screen text?

Instrumentation and Materials

Two sets of instrumentation, which consisted of learning materials and tests, were used in
this study.

Learning Materials

To achieve the goal of this study, two different multimedia learning environments were
developed: (1) images with audio and (2) images with audio and on-screen text. The content
presented in both multimedia learning environments was exactly the same. In this study, the two
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multimedia learning environments were two different formats of a narrated video, one with onscreen text and one without on-screen text. The video was in English, and the content of the
video consisted of two related science topics: natural selection and evidence for evolution. Both
formats of the video were 20 minutes in length. This video was, in fact, a combination of two
videos originally created by Stated Clearly, a group of artists, scientists, and educators who have
come together to create a series of short animations to teach science in a simple, friendly manner.
Validity evidence for the content presented in the videos has been obtained using experts in the
field. The permission to use their videos as part of this study has been granted by Jon Perry, the
founder of Stated Clearly. The combined version of the two videos both with and without
captions was installed into computers in a computer lab where the study took place. No internet
access was required for participants to access the learning materials.
Pretest and Posttest

A pretest with 20 test items was developed by the researcher to be used as a tool to assess
the participants’ prior knowledge of the learning content to be presented to them. The same set of
20 test items also was used as a posttest to measure the participants’ learning achievement. This
was to ensure that the scales used on both the pretest and the posttest were similar. However, the
sequence of the test items in the pretest was different from that of the posttest to minimize
potential order effects. Both the pretest and the posttest were paper based, and they were mixedformat tests, consisting of different types of test items, which included multiple choice, short
answer, fill-in-the-blank, true-false, and matching.
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Content and Instrument Validation

To ensure content accuracy and appropriateness of the tests, a group of experts including
two second language instructors, two second language learners, and a scientist were invited to
review the test items. The participants were also asked to take the pretest before watching the
video and to take the posttest after they finished watching the video. A Wilcoxon signed-ranks
non-parametric test (used because of the small sample size and lack of normality of the
difference scores) showed that participants scored significantly higher on the posttest than the
pretest (z = 2.023, p = .043). The effect size for the difference was large (r = .90). This provides
some supporting evidence for the validity of scores obtained from the test. However, some of the
test items required revision because they appeared to be too complicated, as none of the
participants was able to respond correctly even though the specific content knowledge needed
was clearly presented in the video. Some of the test items, on the other hand, appeared to
measure extraneous knowledge, as participants could simply use prior, common knowledge to
respond to those items correctly without having to watch the video. The tests used in this study
were revised based on this process of content and instrument validation.

Data Collection Procedures

A list of participants of both groups—(1) images with audio and (2) images with audio
and on-screen text —was prepared prior to data collection. The intervention took place in a
computer lab where the researcher was available at all times. Students within the same sections
assigned by the university participated in the study at the same time, and all of them received the
same multimedia instructional materials presented in two different formats, which were a video
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containing images with audio and a video containing images with audio and on-screen text.
Altogether, there were nine sections of students, randomly assigned into two groups.
Approximately half of the students (N = 113) participated in a multimedia lesson where the
learning content was presented through images and audio, and the other half of the students (N
=117) participated in a multimedia lesson where the same learning content was presented
through images, audio, and on-screen text.
The researcher began by informing the participants of the purpose of the study and the
steps they were about to go through. Then, each of the participants received a small card with
his/her name and English proficiency test score on it. Participants’ names were present on the
cards only to ensure that the correct English proficiency test score was given to the right
participant. Participants’ names, however, were not used or present anywhere else during or after
the intervention. A space for participants to fill in their participant code was also provided on the
card. After giving each participant a card with his/her information on it, the researcher randomly
distributed a paper-based pretest to all of the participants. Each copy of the pretest was labeled
with a participant code. Then the researcher instructed participants to copy the participant code
from the test to their card so that they could put this same code on the posttest, which was given
to them afterward. Participants were also asked to fill in their demographic information, which
included their gender, age, and English proficiency test score. Once the participants completed
the pretest, the researcher collected the completed test from the participants. Then the
participants began their multimedia lesson previously installed on the computers. Participants
were not allowed to take notes. As soon as the lesson was complete, a paper-based posttest was
administered to assess the participants’ learning outcomes. Participants were asked to write their

47
participant code in the box located on the top right corner of the test. This allowed the researcher
to anonymously match participants’ pretests to their posttests.

Data Analysis

The independent variable of interest in this study was the intervention, with two levels of
multimedia learning environment. English proficiency scores and gender were used as control
variables. The dependent variable for this study was learning outcomes as indicated by growth
scores from pretest to posttest. Means, standard deviations, and ranges for pretest scores, posttest
scores, growth scores, and English proficiency scores were computed using SPSS. The reliability
of the pretest and posttest scores was also estimated by computing KR-20. A repeated-measures
analysis of covariance (ANCOVA) was carried out to (1) evaluate change between pretest and
posttest, (2) evaluate mean differences between the two groups, and (3) evaluate group
differences in growth from pretest to posttest, using gender and English proficiency as control
variables. Additionally, an analysis of covariance was performed to assess group differences in
posttest scores, controlling for pretest scores, gender, and English proficiency.
A power analysis indicated that, assuming a moderate effect size for the difference
between groups in the population, and using alpha = .05, a total sample size of N = 128
participants would be required for 80% power. Power analysis also indicated that, assuming a
large effect size for the difference between groups in the population, and using alpha = .05, a
total sample size of N = 52 participants would be required for 80% power. Table 1 provides the
details of these analyses. Eta-squared (η2) was used to determine the effect size. After the data
analysis was complete, the results of this study were discussed, and an interpretation of the data
was written.
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Table 1
Power Analysis Results
F tests - ANCOVA: Fixed effects, main effects and interactions
Analysis: A priori: Compute required sample size
Input:
Effect size f
= 0.40
α err prob
= 0.05
Power (1-β err prob)
= 0.80
Numerator df
= 1
Number of groups
= 2
Number of covariates
= 2
Output:
Noncentrality parameter λ = 8.3200000
Critical F
= 4.0426521
Denominator df
= 48
Total sample size
= 52
Actual power
= 0.8068454
Analysis: A priori: Compute required sample size
Input:
Effect size f
= 0.25
α err prob
= 0.05
Power (1-β err prob)
= 0.80
Numerator df
= 1
Number of groups
= 2
Number of covariates
= 2
Output:
Noncentrality parameter λ = 8.0000000
Critical F
= 3.9175498
Denominator df
= 124
Total sample size
= 128
Actual power
= 0.8013621

Chapter Summary

This study aimed to investigate the effects of different multimedia learning environments
on the learning outcomes of second language learners. Specifically, this study compared
undergraduate non-native English learners’ learning outcomes that resulted from participating in
two different multimedia learning environments. The participants were 230 undergraduate
students enrolled in the same English course at a university in Thailand. Nine sections of
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students from this English course, with approximately 25-35 students per section, were recruited.
Each section of students was randomly assigned into one of two distinct groups: (1) a group
viewing a multimedia presentation containing images with audio and (2) a group viewing a
multimedia presentation containing images with audio and on-screen text. There were two sets of
instrumentation used in this study—learning materials and tests. The learning materials were two
formats of a multimedia lesson, one containing images with audio and one containing images
with audio and on-screen text. The tests used in this study were a pretest and a posttest. Then
data analysis was performed, and the results of this study were discussed.

CHAPTER 4
DATA ANALYSIS AND RESULTS

The purpose of this quasi-experimental, pretest/posttest quantitative study was to
investigate whether there is a difference in performance outcomes of second language learners
participating in two different multimedia learning environments: 1) images with audio only and
2) images with audio and on-screen text. This chapter reports on the analyses performed and
results obtained to answer the research question of the study.
Sample Description

The participants for this study were 230 undergraduate students enrolled in a single
English course at a university in Thailand. These students came from nine different sections of
the same English course. Students within each section remained together as intact groups, but
these nine sections of students were randomly assigned into two different groups. There were
113 students participating in Group 1 (images with audio only) and 117 students participating in
Group 2 (images with audio and on-screen text). Relevant demographic information of the
participants, which includes gender, age, and English proficiency, was also collected (Tables 2
and 3).
As shown in Table 2, the sample consisted of 230 participants, including 159 females
(69.87%) and 71 males (30.13%). The Images with Audio Group consisted of 79 females
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(69.91%) and 34 males (30.09%) while the Images with Audio and On-Screen Text Group
consisted of 80 females (68%) and 37 males (31.62%).

Table 2
Demographic Distribution for Gender of Participants
Images + Audio +
Images + Audio
On-Screen Text
Combined
Characteristic Frequency Percent Frequency Percent Frequency Percent
Gender
Female
79 69.91%
80
68.38%
159
69.87%
Male
34 30.09%
37
31.62%
71
30.13%
Total
113 100.00%
117
100.00%
230
100.00%

Table 3 provides descriptive statistics for the overall age and English proficiency of the
participants. The mean age of all participants was 19.13 years (SD = 0.50). The mean age of the
participants in the Images with Audio Group was 19.16 years (SD = 0.49) and the mean age of
the participants in the Images with Audio and On-Screen Text Group was 19.10 years (SD =
0.50).
The average English proficiency score of all participants was 55.37 (SD = 13.47). The
mean English proficiency score of the participants in the Images with Audio Group was 54.75
(SD = 13.66) and the mean English proficiency score of the participants in the Images with
Audio and On-Screen Text Group was 55.97 (SD = 13.31).
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Table 3
Descriptive Statistics for Age and English Proficiency of Participants

Variable
Age

Images + Audio
N Mean SD
113 19.16

0.49

Images + Audio +
On-Screen Text
N Mean SD
117 19.10

0.50

N

Combined
Mean SD

230 19.13

0.50

English Proficiency 113 54.75 13.66 117 55.97 13.31 230 55.37 13.47

Figure 3 shows that the English proficiency scores of participants in the Images with
Audio Group is close to normally distributed.

Figure 3. Histogram for English proficiency scores of participants in the Images with Audio
Group.
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Figure 4 shows that the distribution of English proficiency scores of participants in the
Images with Audio and On-Screen Text Group was positively skewed.

Figure 4. Histogram for English proficiency scores of participants in the Images with Audio
and On-Screen Text Group.

The boxplots for the English proficiency scores of the two groups (Figure 5) appear to be
quite symmetrical. The median is approximately 55. The interquartile range and range are
slightly larger for the Images and Audio Group, and there is one outlier in the Images with Audio
and On-Screen Text Group. Because this outlier was not extreme in value, and the sample size
was relatively large, this value was left intact for analysis.
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Figure 5. Boxplots for English proficiency scores of participants in the Images with Audio
Group and the Images with Audio and On-Screen Text Group.

Statistical Analysis

Prior to analyses, internal consistency estimates of reliability (Cronbach’s coefficient
alpha) were calculated for the pretest and the posttest used in this study and descriptive statistics
for the entire sample were computed. Cronbach’s alpha was .51 for the pretest and .64 for the
posttest. Table 4 reports the means, standard deviations, and skewness of pretest, posttest, and
growth scores of participants in the Images with Audio Group and the Images with Audio and
On-Screen Text Group. The overall mean, standard deviation, and skewness of pretest, posttest,
and growth scores also are reported.
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Table 4
Descriptive Statistics for Pretest, Posttest, and Growth Scores
Images + Audio +
On-Screen Text

Images + Audio
Variable

N

Mean

SD

Skew

N

Mean

SD

Pretest

113

7.46

2.48

0.12

117

7.01

2.47 -0.26 230

Posttest

113 13.73 2.91 -0.09 117 13.96 2.99 -0.36 230 13.84 2.95 -0.23

Growth

113

6.28

3.08

0.07

117

6.94

3.21

Skew

Combined

0.61

N

230

Mean

SD

7.23

2.48 -0.08

6.62

3.16

Skew

0.37

Figure 6 shows that the pretest scores of participants in the Images with Audio Group is
close to normally distributed. The pretest scores of participants in the Images with Audio and
On-Screen Text Group, however, appears to be negatively skewed, as shown in Figure 7.

Figure 6. Histogram for pretest scores of participants in the Images with Audio Group.
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Figure 7. Histogram for pretest scores of participants in the Images with Audio and OnScreen Text Group.

The boxplots for the pretest scores of the two groups (Figure 8) appear to be quite
symmetrical. The median is approximately 7.5. The interquartile range and range are slightly
larger for the Images with Audio and On-Screen Text Group than for the Images with Audio
Group, and there is one outlier in the Images and Audio Group. Because this outlier was not
extreme in value, and the sample size was relatively large, this value was left intact for analysis.
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Figure 8. Boxplots for pretest scores of participants in the Images with Audio Group and the
Images with Audio and On-Screen Text Group.

Figure 9 shows that the posttest scores of participants in the Images with Audio Group
are close to normally distributed. The pretest scores of participants in the Images with Audio and
On-Screen Text Group, however, are negatively skewed, as shown in Figure 10.

Figure 9. Histogram for posttest scores of participants in the Images with Audio Group.
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Figure 10. Histogram for posttest scores of participants in the Images with Audio and OnScreen Text Group.
The boxplots for the posttest scores of the two groups (Figure 11) appear to be
symmetrical. The median is around 14, and there is one outlier in the Images with Audio and OnScreen Text Group. Because this outlier was not extreme in value, and the sample size was
relatively large, this value was left intact for analysis.

Figure 11. Boxplots for posttest scores of participants in the Images with Audio Group and
the Images with Audio and On-Screen Text Group.
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Figure 12 shows that the growth scores of participants in the Images with Audio Group
are close to normally distributed. Figure 13 shows that the distribution of the growth scores of
participants in the Images with Audio and On-Screen Text Group is positively skewed.

Figure 12. Histogram for growth scores of participants in the Images with Audio Group.

Figure 13. Histogram for posttest scores of participants in the Images with Audio and OnScreen Text Group.
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The boxplots for the growth scores of the two groups (Figure 14) show that the range is
somewhat larger for the Images with Audio and On-Screen Text Group than for the Images with
Audio Group, and there are two outliers in the Images and Audio Group. Because these outliers
were not extreme in value, and the sample size was relatively large, they were left intact for
analysis. Both groups have the same median value (Median = 6).

Figure 14. Boxplots for growth scores of participants in the Images with Audio Group and
the Images with Audio and On-Screen Text Group.

Research Question and Results

Do second language learners who are presented with a multimedia lesson containing only
images and audio differ in subsequent comprehension performance from second language
learners who are presented with a multimedia lesson containing images, audio, and on-screen
text?
A repeated-measures analysis of covariance (ANCOVA) was conducted to evaluate
change in comprehension performance from pretest to posttest, mean differences in
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comprehension performance between the two groups, and group differences in comprehension
growth from pretest to posttest. Additionally, gender was employed as a factor and English
proficiency score as a covariate. In addition, analysis of covariance was also carried out to assess
group differences in posttest scores, controlling for pretest scores, gender, and English
proficiency. Eta-squared (η2) and Cohen’s d were used to compute the effect size.
For the repeated-measures ANCOVA analyses, which used the pretest and posttest
comprehension scores as the paired outcomes, Box’s test of equality of covariance matrices
indicated that covariances were equal across groups, p = .992. Table 5 shows the results for the
ANCOVA. The results indicated that, across groups, a statistically significant change between
pretest to posttest occurred, F(1, 225) = 3.98, p = .047. Computation of eta-squared suggested a
small effect size (η2 = 0.01); however, this statistic was likely influenced by sample size and
reflected the large amount of unexplained error variation in the data. Cohen’s d, which reflects a
standardized index of mean growth as opposed to variance accounted for, was d = 2.09,
indicating a very large increase in comprehension from pretest to posttest. The observed growth
from pretest to posttest, however, did not significantly differ between the two treatment groups,
F(1, 225) = 0.23, p = .635 (Table 6). Figure 15 shows that participants in both the Images with
Audio Group and the Images with Audio and On-Screen Text Group appear to display a similar
amount of growth. Also, there was no significant difference in growth between males and
females, F(1, 225) = 0.58, p = .449. However, the results suggest that there was a significant
three-way group × gender × time interaction effect, F(1,225) = 5.79, p = .017. The effect size
was η 2 = 0.02, however, suggesting a small effect. Figure 16 shows that males appear to show
greater comprehension growth in the Images with Audio Group than in the Images with Audio
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and On-Screen Text Group. In contrast, Figure 17 shows females tend to show greater growth in
the Images with Audio and On-Screen Text Group.

Table 5
Results for the Repeated-Measures Analysis of Covariance (ANCOVA) of Comprehension
Across Time by Group and Gender

Source
Time
Time × English Proficiency
Time × Group
Time × Gender
Time × Group × Gender
Error(Time)

Type III Sum of
Squares
16.818
163.514
.952
2.426
24.441
949.906

df
1
1
1
1
1
225

Mean Square
16.818
163.514
.952
2.426
24.441
4.222

F
3.984
38.731
.225
.575
5.789

p
.047
<.001
.635
.449
.017

Table 6
Test of Between-Subjects Effects

Source
Intercept
English Proficiency
Group
Gender
Group × Gender
Error

Type III Sum of
Squares
1140.817
401.675
8.088
.419
5.649
1837.623

df
1
1
1
1
1
225

Mean Square
1140.817
401.675
8.088
.419
5.649
8.167

F
139.683
49.181
.990
.051
.692

p
<.001
<.001
.321
.821
.406
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Figure 15. Mean comprehension scores across time by group.

Figure 16. Mean comprehension scores across time by group for males.
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Figure 17. Mean comprehension scores across time by group for females.

Figure 18 shows histograms of the residual values for the repeated-measures ANCOVA.
Slight departures from normality were evident, but this was not concerning due to the large
sample size.

Figure 18. Histograms of residuals for repeated-measures ANCOVA of comprehension
scores by group and gender.
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The second analysis employed ANCOVA, with the posttest comprehension scores as the
outcome. Levene’s test was not statistically significant, p = .380, indicating equal variances
across groups. As displayed in Table 7, a test of between-subject effects indicated that group and
gender did not have statistically significant effects on the posttest scores, F(1,224) = 0.03, p =
.854, and F(1,224) = 0.23, p = .631, respectively. However, there was a significant, disordinal
group × gender interaction effect on the posttest scores, F(1,224) = 5.81, p = .017. The effect size
was η 2 = 0.02, suggesting a small effect. Figure 19 shows that males tend to perform better on
the posttest under the Images with Audio condition while females tend to perform better under
the Images with Audio and On-Screen Text condition. Figure 20 provides a histogram of the
residual values, which shows a close-to-normal distribution.

Table 7
Results for the Analysis of Covariance (ANCOVA)

Type III Sum of
Source
Squares
df Mean Square
a
Corrected Model
710.430
5
142.086
Intercept
300.833
1
300.833
English Proficiency
455.320
1
455.320
Pretest Total
144.536
1
144.536
Group
0.194
1
0.194
Gender
1.323
1
1.323
Group × Gender
33.184
1
33.184
Error
1279.935
224
5.714
Total
46068.000
230
Corrected Total
1990.365
229
a. R-Squared = .357 (Adjusted R-Squared = .343)

F
24.866
52.648
79.685
25.295
0.034
0.232
5.807

p
<.001
<.001
<.001
<.001
.854
.631
.017
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Figure 19. Mean comprehension posttest scores by group and gender.

Figure 20. Histograms of residuals for ANCOVA of comprehension scores by group and
gender.
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Chapter Summary

This chapter examined the research question of whether second language learners who
were presented with a multimedia lesson containing only images and audio differed in
subsequent comprehension performance from those who were presented with a multimedia
lesson containing images, audio, and on-screen text. ANCOVA analyses were conducted, and
results showed no significant difference in either their growth scores or their posttest scores
between the two groups. However, a significant group × gender interaction effect was observed.
Detailed discussion and conclusions of these results are presented in Chapter 5.

CHAPTER 5
DISCUSSION

This chapter provides an overview of the present study by reviewing the purpose and the
research question of the study. The chapter then proceeds to the discussion of findings as regards
previous research and the two underpinning theories: the cognitive theory of multimedia learning
and the theory of second language acquisition. Following this discussion, the implications of the
findings, limitations of the study, and recommendations for future research are discussed.

Overview of the Study

The purpose of the study was to investigate whether there is a difference in performance
outcomes of second language learners participating in two different multimedia learning
environments: 1) images with audio only and 2) images with audio and on-screen text. The
overarching research question guiding this study was: Do second language learners who are
presented with a multimedia lesson containing only images and audio differ in subsequent
comprehension performance from second language learners who are presented with a multimedia
lesson containing images, audio, and on-screen text?

Discussion of Findings

Participants’ prior knowledge of the learning content was measured by a pretest
examination before they engaged with one of the two multimedia learning environments. Then, a
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posttest examination was administered to assess their learning achievement. To answer the
research question of whether second language learners who participated in a multimedia lesson
containing only images and audio differed in subsequent comprehension performance from those
who participated in a multimedia lesson containing images, audio, and on-screen text, their
growth scores, which were the differences between pretest and posttest scores, were compared.
According to the redundancy principle, one of the design principles under the cognitive
theory of multimedia learning (Mayer, 2002), a better way for people to learn is from pictorial
information, or images, and verbal information, or audio. Visual text information, or on-screen
text, which is presented simultaneously to the verbal information, becomes a redundant material
and should be eliminated. Mayer (2002) explains that cognitive overload can occur in the
visual/pictorial channel when both images and text are presented visually at the same time. On
the other hand, when only pictorial information and verbal information are presented, the
pictorial information enters through the eyes and is processed in the visual/pictorial channel
while the verbal information enters through the ears and is processed in the auditory/verbal
channel. The learner is, therefore, believed to be able to engage in appropriate cognitive
processing and learn more effectively (Clark & Mayer, 2008; Mayer, 2002). Previous research
on multimedia learning has also shown to support this claim and proved Mayer’s redundancy
principle to be accurate. Acha (2009) and Moussa-Inaty and Atallah (2012) found in their studies
that working memory appeared to be overloaded due to redundancy when images and written
text were presented simultaneously on screen, and this appeared to have a negative impact on
learning performance.
The results of this study, however, showed that a statistically significant change from
pretest to posttest occurred for the combined Images and Audio and Images with Audio and On-
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Screen Text Groups. Participants in both groups also appeared to display a similar amount of
growth. Although not statistically significant, at the sample level, participants in the Images with
Audio and On-Screen Text were found to have a slightly higher amount of growth than those in
the other group, p = .635. These non-significant results appeared to contradict the redundancy
principle because participants in the group where a multimedia lesson was presented through
images, audio, and on-screen text were able to perform as well as those in the group where the
same multimedia lesson was presented without the on-screen text element. These findings,
however, are in line with those obtained from a number of previous studies in the field of
multimedia learning (Akbiyik & Akbiyik, 2010; Karakas & Saricoban, 2012; Moussa-Inaty &
Atallah, 2012; Winke, Gass, & Sydorenko, 2010; Yuksel & Tanriverdi, 2009). Participants’
learning outcomes were found to significantly improve whether or not visual text was provided
while participating in a multimedia lesson (Karakas & Saricoban, 2012; Yuksel & Tanriverdi,
2009). Their results, as well, did not indicate a significant difference between the two groups;
however, this suggests that providing visual text on screen in addition to images and audio did
not appear to negatively impact the learners.
Winke, Gass, and Sydorenko (2010) investigated the effects of captioning during videobased listening activities, and they found that having both images and written text together on
screen appeared to enhance the learning outcomes of foreign language learners. The written text,
which was presented in the form of captions in their videos, appeared to be a crucial element and
was shown to be beneficial to students as it enabled them to understand the videos better. This is
consistent with what was found in a study conducted by Akbiyik and Akbiyik (2010). In their
study, the researchers investigated whether different types of multimedia presentation affected
students’ interpretation achievement, and it was found that students who learned through
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multiple modes of learning were able to perform significantly better than those who learned
through only a single input mode. Results showed that students with highest achievement mean
scores were those in the group where text and audio were presented together. Similarly, MoussaInaty and Atallah (2012) also found that students who were given materials that included the
reading component, or written text, appeared to outperform students who were given materials
that contained only the listening and/or graphics components.
The fact that providing all three types of information—pictorial information, verbal
information, and visual text information—did not appear to be overwhelming to the learners in
this study calls into question the validity of Mayer’s redundancy principle with second language
learners because, if Mayer were right, the learners who were presented with a multimedia lesson
containing images, audio, and on-screen text would have performed worse than those who were
presented with a multimedia lesson containing only images and audio. Results from this study,
on the other hand, are consistent with the theory of second language acquisition, particularly the
input hypothesis (Krashen, 1982). According to the input hypothesis, receiving comprehensible
input is crucial for humans to acquire language (Ipek, 2009; Johnson, 2004; Krashen, 1985a).
That is, learners need to be able to understand the message being conveyed to them; therefore, it
is tremendously helpful for second language learners to have written materials to supplement the
aural media as this helps make the aural input comprehensible (Krashen, 1985b). Examples of
comprehensible input could include television with subtitles or videos with captions containing
messages understandable to the learners (Neuman & Koskinen, 1992). Since language learners
often find audiovisual input in a foreign language challenging and difficult to comprehend
(Danon, 2004), the multimedia lesson containing the on-screen text element used in the present
study can therefore be considered as comprehensible input because, with on-screen text
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provided, learners are able to visualize what they hear (Danan, 2004). This can also help learners
to be more certain of ambiguous input and to analyze words and phrases, which can lead to a
better understanding of the content being presented (Chai & Erlam, 2008; Danan, 2004; Winke,
Gass, & Sydorenko, 2013).
It is important to note, however, that although cognitive overload was not observed when
on-screen text was provided additionally to images and audio the multimedia learning
environment in this study, more evidence would be needed in order to draw a firm conclusion
that cognitive overload did not occur at all during the learning process. It is possible that there
might have been some degree of cognitive overload taking place, which could have contributed
to the lack of significance in this study. Results from this study also reveal a significant gender
difference. Interestingly, females were found to perform significantly better than males in the
multimedia learning environment where on-screen text was present, whereas males, on the other
hand, were found to perform significantly better than females in the multimedia learning
environment where on-screen text was not available. In other words, female students in this
study appeared to benefit more from the presence of on-screen text than males. Cognitive
overload could have played a role here too, but more research would be needed to prove this.
Another possible explanation for this gender difference could be that males and females are
different in terms of information processing (Darley & Smith, 1995; Meyers-Levy & Sternthal,
1991). Males tend to be selective and do not often engage in comprehensive processing of all
information available to them. In contrast, females tend to be comprehensive and engage in
comprehensive analysis of all available information (Meyers-Levy & Sternthal, 1991).
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Implications

The role of multimedia technology in education is unquestionably remarkable because
with multimedia integrated, a dull lesson can be transformed into a more lively and engaging one
(Chuang & Liu, 2012; Pun, 2013). Designing an effective multimedia learning environment can,
however, be challenging. Based on his extensive research on multimedia learning, Mayer (2002)
has suggested a number of helpful multimedia design principles as part of the cognitive theory of
multimedia learning to serve as guidelines for educators who wish to incorporate multimedia into
their teaching. Among them is the redundancy principle, a well-documented multimedia design
principle. The primary rule according to the redundancy principle is to never include on-screen
text in addition to images and audio in a multimedia learning environment because it is not only
redundant to the audio but also overwhelming to the visual channel as the learner will need to
process both images and on-screen text at the same time (Clark & Mayer, 2008; Mayer, 2002).
While the redundancy principle has been supported by a large body of research (Austin, 2009;
Kalyuga, Chandler, & Sweller, 1999, 2000; Mayer, Heiser, & Lonn, 2001; Mousavi, Low, &
Sweller, 1995), findings from the present study suggest otherwise.
As suggested by the results of this study, the presence of on-screen text, although
redundant to the information contained in the audio, did not appear to impede learning of second
language learners. These results indicate that the redundancy principle may not always hold true.
The same multimedia effects, which were originally discovered in the context of science
instruction, may not occur when it comes to second language instruction where lessons are
delivered in a language foreign to the learners. Factors such as learning context and learners’
needs should be taken into consideration when designing a multimedia learning environment
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because a multimedia learning environment that can successfully enhance learning at one place
may not do quite well at another due to different learning circumstances. It is, therefore,
important that multimedia learning environments are custom made to fit the target groups of
learners so that they can better accommodate the learners’ needs and thereby effectively facilitate
learning. Results obtained from this study suggest that including on-screen text in a multimedia
learning environment developed for second language learners is beneficial to them because when
the learning content is in a foreign language and is presented to them solely through audio,
learners may encounter difficulties in comprehending the information. Having on-screen text
available to the learners is, therefore, advantageous as it can help them make sense of what they
hear, which can lead to greater comprehension and more favorable learning outcomes.

Limitations

The sample used in this study was limited to a certain group of second language learners
recruited through convenience sampling from a large university in Thailand. The homogeneity of
the participants in terms of their academic discipline restricted the potential for generalizability
of the results. A more diverse sample size consisting of second language learners from various
academic disciplines would generate more generalizable results.
No statistically significant difference between groups was detected, and this could
possibly be due to some of the limitations regarding the instrumentation employed in the study.
The two multimedia learning environments were designed in a way that did not allow for learner
control over the pace of the lesson in order to avoid any confounding variables that might arise;
however, this could have caused some degree of cognitive overload to occur as the learners were
trying to process both images and on-screen text through the visual channel at the same time.
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Giving the learners the ability to pause or repeat any particular part of the lesson when needed
could help minimize or even remove cognitive overload, if any (Toh, Munassar, & Yahaya,
2010). It is also important to note that the learning materials used in this study were two formats
of one single multimedia lesson, which took approximately 20 minutes to complete. Findings
obtained are, therefore, based entirely on learners’ performance resulting from one-time
participation in a randomly assigned multimedia learning environment. Results may not be
identical if multiple lessons are incorporated and the study is carried out over a longer period of
time.
Another important limitation to discuss is the one regarding the test instruments. The
pretest and the posttest used in this study were developed by the researcher to specifically assess
the learners’ prior knowledge and learning outcomes. The same set of items was used on both
tests to avoid a potential threat to internal validity that could occur when measures used for the
pretest and the posttest are different (Creswell, 2015). A group of experts were also invited for
instrument validation. All the test items were reviewed to ensure content accuracy and
appropriateness. However, a reliability analysis, which was performed after the study was
completed, did not indicate good internal consistency of scores from the instruments as it
revealed a rather low value for Cronbach’s alpha.
Additionally, the fact that the scores received from the test at the end of the lesson did not
impact the learners’ course grades in any way might have affected the level of effort they put
into the lesson they were assigned to complete as part of the study. Although all the learners
participated in this study voluntarily, and they were encouraged to do the task to the best of their
ability, it was still impossible to entirely remove this limitation.
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Recommendations for Future Research

This study was conducted to examine the effects of different multimedia learning
environments on the learning outcomes of second language learners, and particularly, the study
was focused on investigating the effectiveness of the redundancy principle when applied in the
context of second language learning. While the study did not reveal a statistically significant
difference between learning outcomes achieved from participating in the two multimedia
learning environments, it also did not lend support to the redundancy principle. The presence of
on-screen text as an addition to images and audio in a multimedia learning environment did not
appear to inhibit learning as claimed by the theory. However, more research in this area is still
needed to validate these results. Recommendations for future investigations can be summarized
as follows.
One of the factors that could have limited the results of this study was the homogeneity of
the sample. All of the participants in this study were second language learners who all came from
the same academic discipline. Therefore, future investigations may consider replicating this
study with a group of participants who are more diverse in terms of their academic background
to see if the same results are obtained.
A significant group × gender interaction effect was observed in this study, indicating that
females performed significantly better than males in the multimedia learning environment where
on-screen text was included, while males performed significantly better than females in the
multimedia learning environment in which on-screen text was not provided. More research,
however, is still needed to investigate this gender difference. Future research similar to this study
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may be conducted with a larger and more diverse group of second language learners to determine
if the same gender difference occurs.
In addition to sample size and diversity of participants, recommendations also can be
made in regard to learning materials. For the present study, the learners were randomly assigned
to participate in one of the two multimedia learning environments in which a 20-minute lesson
was presented. Findings of this study, therefore, only demonstrated the learning outcomes of
second language learners resulting from their one-time participation in the assigned multimedia
learning environment. Future research carried out over a longer period of time and in which
multiple lessons are incorporated is recommended as this should allow time for learners to
familiarize themselves with the multimedia learning environment they participate in, which
could help improve the reliability of results. As for the learning content, different language skills
such as vocabulary or grammar in context could be considered.
Because both multimedia learning environments used in the present study were systemcontrolled environments, the learners did not have control over the pace of the instruction. They
were not able to pause or repeat any particular part of the lesson as needed, which could have
caused some degree of cognitive overload to occur as they were trying to process both images
and on-screen text through their visual channel at the same time. Therefore, future research may
consider using multimedia learning environments that are learner controlled instead of system
controlled so that learners can pace their learning and revisit parts they do not understand. This
should significantly help lessen or even remove cognitive load (Toh, Munassar, & Yahaya,
2010). Research also suggests that giving learners the ability to control their instruction aids
learning (Scheiter, 2014).
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The test instruments used in this study were a pretest and a posttest. Participants’ prior
knowledge was measured using the pretest, and immediately after the lesson was completed the
posttest was administered to measure their comprehension of the learning content presented in
the multimedia learning environment they attended. Their learning outcomes were then derived
from their growth scores from pretest to posttest. The study only focused on the learners’
comprehension of the learning content and so did not evaluate their retention of knowledge
gained. Future investigations may consider administering a delayed retention test in addition to a
pretest and a posttest to also measure learners’ retained the knowledge.
Finally, since the present study was a quasi-experimental, pretest/posttest quantitative
study designed to investigate whether there was a difference in performance outcomes of second
language learners participating in two different multimedia learning environments: 1) images
with audio only and 2) images with audio and on-screen text, data was only collected to answer
the research question. Future research with qualitative data collection methods such as interviews
or questionnaires also incorporated would build on the findings of this study and could provide
more insight into the effects of multimedia learning in the context of second language learning.

Chapter Summary

This quasi-experimental quantitative study examined the effects of different multimedia
learning environments on the learning outcomes of second language learners. The study was
designed to specifically assess the redundancy principle, and the main purpose of the study was
to investigate whether there is a difference in performance outcomes of second language learners
participating in two different multimedia learning environments: 1) images with audio only and
2) images with audio and on-screen text.
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Results show that a significant change from pretest to posttest occurred for the combined
sample of the learners. Although not statistically significant, learners participating in the
multimedia learning environment where on-screen text was present in addition to images and
audio were able to perform slightly better than those participating in the multimedia learning
environment where on-screen text was not provided. Additionally, results revealed a significant
interaction effect of gender. Females were found to perform significantly better than males in the
multimedia learning environment where on-screen text was included. Males, in contrast, were
able to perform significantly better than females in the multimedia learning environment in
which on-screen text was not provided.
As indicated by these results, the presence of on-screen text, although redundant to the
information contained in the audio, does not appear to impair learning. Results from this study
suggested that the redundancy principle may not be a perfect fit in all learning context.
Characteristics of the learners and their learning context should also be taken into consideration
in order to design a multimedia learning environment that can effectively enhance learning.
Additional research to further investigate the effects of multimedia learning environments would
build upon the results of this study and provide valuable guidelines for future development of
multimedia learning environments for second language learners.
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Participant Code:
Demographic Information:
Gender:

Male

Female

Age: ______________ English Proficiency Score: ___________________

Pretest
1.

What is true about tortoises on the Galapagos Islands?
A.
B.
C.
D.

2-4.

They look similar to tortoises in South America.
They all have dome-like shells and long necks.
They are active and move fast.
They don’t lay eggs often.

Match each of the three statements below with the correct concept.
A. Descent with Modification
B. Common Decent
Put either letter A or B on the line in front of each statement.
_______2. All living things on earth are related.
_______3. Children often look slightly different than their parents.
_______4. It is not a directly observable fact.

5.

What is Embryology?
A.
B.
C.
D.

6.

Who discovered “Natural Selection”?
A.
B.
C.
D.

7.

The study of the structure, physiology, development, and classification of animals
The study of how creatures develop before being born or hatching from an egg
The study of organisms and their environments
The study of prehistoric life through fossils

Erwin Chargaff
Gregor Mendel
Charles Darwin
Christopher Columbus

Cetaceans are a branch of the evolutionary tree that includes whales, dolphins, and
________________.
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8-10.

Are the following statements true (T) or false (F) about “Natural Selection”?
____ 8. Nature is a safe place for all living things to survive.
____ 9. When parents (both animals and plants) produce a variety of offspring, nature
decides which of those variations get to live and reproduce, and which do not.
____ 10. Over many generations, many creatures become less fit for survival within
their environments.

11-14.

Do the following features belong to whales, hippos, or both whales and hippos?
A. Whales
B. Hippos
C. Both whales and hippos
Put letter A, B, or C on the line in front of each feature.
_______11. give birth underwater
_______12. vegetarians
_______13. have multi chambered stomachs
_______14. carnivores

15.

Some plants that farmers grow can be slightly different from the parent plant. Give one
example of plant variation that is described in the video as undesirable.
____________________

16-17.

What bones do whales have inside their front flippers? List two of them.
16. _____________________
17. _____________________

18.

Whales breathe air with two fully developed_______________.
A.
B.
C.
D.

lungs
nostrils
flippers
placentas

19.

The Galapagos consists of how many main islands? __________________

20.

According to fossil record, which of the following statements is NOT true about Maiacetus?
A.
B.
C.
D.

Their skeletons have been found among land animals.
They were strong swimmers.
They were walking whales.
They had short legs.
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Have you ever watched this video before today?
Yes

Participant Code:

No

Posttest
1.

Who discovered “Natural Selection”?
E.
F.
G.
H.

2.

What is Embryology?
E.
F.
G.
H.

3-5.

Erwin Chargaff
Gregor Mendel
Charles Darwin
Christopher Columbus

The study of the structure, physiology, development, and classification of animals
The study of how creatures develop before being born or hatching from an egg
The study of organisms and their environments
The study of prehistoric life through fossils

Match each of the three statements below with the correct concept.
C. Descent with Modification
D. Common Decent
Put either letter A or B on the line in front of each statement.
_______3. All living things on earth are related.
_______4. Children often look slightly different than their parents.
_______5. It is not a directly observable fact.

6-8.

Are the following statements true (T) or false (F) about “Natural Selection”?
____ 6. Nature is a safe place for all living things to survive.
____ 7. When parents (both animals and plants) produce a variety of offspring, nature
decides which of those variations get to live and reproduce, and which do not.
____ 8. Over many generations, many creatures become less fit for survival within
their environments.

9-10.

What bones do whales have inside their front flippers? List two of them.
9. _____________________
10. _____________________
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11.

According to fossil record, which of the following statements is NOT true about Maiacetus?
E.
F.
G.
H.

Their skeletons have been found among land animals.
They were strong swimmers.
They were walking whales.
They had short legs.

12-15. Do the following features belong to whales, hippos, or both whales and hippos?
D. Whales
E. Hippos
F. Both whales and hippos
Put letter A, B, or C on the line in front of each feature.
_______12. give birth underwater
_______13. vegetarians
_______14. have multi chambered stomachs
_______15. carnivores

16.

Cetaceans are a branch of the evolutionary tree that includes whales, dolphins, and
________________.

17.

Some plants that farmers grow can be slightly different from the parent plant. Give one
example of plant variation that is described in the video as undesirable.
____________________

18.

Whales breathe air with two fully developed_______________.
E.
F.
G.
H.

lungs
nostrils
flippers
placentas

19.

The Galapagos consists of how many main islands? __________________

20.

What is true about tortoises on the Galapagos Islands?
E.
F.
G.
H.

They look similar to tortoises in South America.
They all have dome-like shells and long necks.
They are active and move fast.
They don’t lay eggs often.
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Answer Key:
Pretest
1. A. They look similar to tortoises in South America.
2. B. Common Decent
3. A. Descent with Modification
4. B. Common Decent
5. B. The study of how creatures develop before being born or hatching from an egg
6. C. Charles Darwin
7. porpoises
8. F
9. T
10. F
11. C. Both whales and hippos
12. B. Hippos
13. C. Both whales and hippos
14. A. Whales
15. Any one of these: smaller size, bitter taste, or vulnerability to disease
16-17. Any two of these: arm, wrist, hand, or finger bones
18. A. lungs
19. 18 islands
20. A. Their skeletons have been found among land animals.

Posttest
1. C. Charles Darwin
2. B. The study of how creatures develop before being born or hatching from an egg
3. B. Common Decent
4. A. Descent with Modification
5. B. Common Decent
6. F
7. T
8. F
9-10. Any two of these: arm, wrist, hand, or finger bones
11. A. Their skeletons have been found among land animals.
12. C. Both whales and hippos
13. B. Hippos
14. C. Both whales and hippos
15. A. Whales
16. porpoises
17. Any one of these: smaller size, bitter taste, or vulnerability to disease
18. A. lungs
19. 18 islands
20. A. They look similar to tortoises in South America.
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Video Transcript:

What is Natural Selection?
What is Natural Selection?

Natural selection is one of several key concepts contained within the theory of evolution. To
understand exactly what natural selection is and why it’s so important, let’s first take a quick
look at two other evolutionary concepts: descent with modification, and the overarching idea of
common descent.
Descent with modification is the observable fact that when parents have children, those children
often look and behave slightly different than their parents and slightly different than each other.
They descent from their parents with modifications.
The differences found in offspring are partially due to random genetic mutations.
Common descent is the idea that all living things on earth are related, they descended from a
common ancestor. Through the gradual process of descent with modification over many
generations, a single original species is thought to have given rise to all the life we see we today.
The common descent of all life on earth is not a directly observable fact. We have no way of
going back in time to watch it happen. Instead, common descent is a conclusion based on a
massive collection of facts. Facts found independently in the study of fossils, genetics,
comparative anatomy, mathematics, biochemistry, and species distribution.
Because the evidence for common descent is so overwhelming, the concept has been around
since ancient times, in the past, however, it was rejected by many philosophers and scientists for
one main reason: You cannot get order and complexity from random chaos alone.
The bodies and behaviors of living things are extremely complex and orderly, but descent with
modification produces random variation.
All through history, no one could explain how complex life arose from simple life through
random variation, until Charles Darwin discovered natural selection.
All through history, no one could explain how complex life arose from simple life through
random variation, No one until Charles Darwin and his discovery of natural selection.
Charles Darwin who lived from 1809-1882 was a naturalist - someone who studies nature. At the
start of his career he traveled the world by ship, collecting and documenting plants and animals.
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During his travels, Darwin became very interested in the idea of common descent. He noticed
that Islands contain species of plants and animals unique to those islands - they can’t be found
anyplace else on earth - but they often look and behave surprisingly similar to creatures found on
nearby continents.
Tortoises on the Galapagos Islands can be distinguished from those of Africa, meanwhile, with
the exception of size, they’re almost identical to a species found nearby in South America.
Darwin believed these similarities could be best explained through common descent. Long ago a
tortoise from the mainland may have drifted to the islands, possibly on a raft of storm debris, and
once arriving, laid her eggs. Random changes caused by descent with modification over
thousands of years eventually transformed the island creatures and the mainland creatures so
much, that they could no longer be considered the same species.
This idea made good sense to Darwin except for one thing. The island creatures he found weren’t
just randomly different from their mainland cousins, they were specially adapted for island life.
The Galapagos is a collection of 18 main islands; many of which are home to tortoises. The
larger islands have lots of grass and vegetation. Tortoises there grow extra heavy and have dome
like shells. Some of the smaller islands have very little grass, forcing tortoises to feed on island
cactus. The best cactus pads grow on the tops of these plants. Fortunately, tortoises on these
islands are equipped with expanded front legs and saddle like shells allowing them to stretch
their necks extra long to reach their food.
It’s almost as if these island creatures have been perfectly sculpted to survive within their unique
environments.
How did this sculpting take place? Random descent with modification alone could never do such
a thing.
Darwin drew upon his knowledge of selective breeding to answer this question. For thousands of
years, farmers have been taking wild plants and animals, and through the process of selective
breeding, have sculpted the original wild forms into new domestic forms much better suited for
human use and consumption.
The process is slow but simple: If a single plant produces 100 seeds, most will grow to be nearly
identical to the parent plant, but a few, however, will be slightly different. Some variations will
be undesirable - smaller size, bitter taste, vulnerability to disease and so on. Other variations will
be highly valued - thicker sweeter leaves for example.
If a farmer only allows the best plants to reproduce and create seeds for the next crop, small
positive changes will add up over multiple generations, eventually producing a dramatically
superior vegetable.
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You might be surprised to hear that broccoli, cauliflower, kale, brussel sprouts, and cabbage are
all just different breeds of a single type of weed commonly found along the shores of the English
Channel. The evolution of this original plant into all the varieties we see today, was carefully
guided by different farmers around the world, who simply selected for different traits.
It’s important to note that the farmer doesn’t actually create anything. Random descent with
modification creates new traits. The farmer simply chooses which of the new creations are
allowed to reproduce, and which are not.
Darwin proposed that nature itself is also capable of selection. It may not have an intelligent
brain like a farmer, but nature is an extremely dangerous place in which to live. There are germs
which can kill you, animals that can eat you. You could die of heat exhaustion, you could die of
exposure to the cold.
When parents produce a variety of offspring, nature, simply by being difficult to survive in,
decides which of those variations get to live and reproduce, and which do not. Over multiple
generations, creatures become more and more fit for survival and reproduction within their
specific environments. Darwin called this process: natural selection.
Since Darwin first put forth his idea in the mid 1800’s, natural selection has been studied and
witnessed numerous times in nature and in the science lab. What started it out as a mere idea is
now officially an observable fact.
Darwin's discovery has greatly expanded our understanding of the natural world. It’s led to
countless new breakthroughs and it finally allowed scientists to seriously consider the idea of
common descent.
So to sum things up, what exactly is natural selection?
Natural selection is the process by which random evolutionary changes are selected for by nature
in a consistent, orderly, non-random way.
Through the process of descent with modification, new traits are randomly produced. Nature
then carefully decides which of those new traits to keep. Positive changes add up over multiple
generations, negative traits are quickly discarded.
Through this simple ongoing process, nature, even though it does not have a thinking mind, is
capable of producing incredibly complex and beautiful creations.
I’m Jon Perry, and that’s Natural Selection Stated Clearly.
………………………………………….…………………………….
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What is the Evidence of Evolution?
What is the evidence for evolution?
The theory of Biological Evolution makes two very bold claims about living creatures:
First: All living things on earth are related. They evolved from a common ancestor.
Second: The evolution of living things is powered by natural processes. Things which can be
studied and understood. But is there really any evidence that these two claims are true?
Yes. There are so many observable facts from so many different fields of study that the only way
we can even begin to talk about them is to group them into categories or lines of evidence.
To keep things simple, here we’ll focus on Evolution’s first claim that: All living things on earth
are related.
We cannot tackle the entire tree of life at once (after all there’s an estimated 8.7 Million species
alive today), so instead we’ll focus most of our attention on one fairly small but fascinating
branch of the evolutionary tree: Cetaceans. This branch includes whales, dolphins and porpoises.
Biologist tells us that all these creatures are closely related, and that the entire group evolved
from an ancient 4 legged land mammal.
Instead of taking their word for it, let’s look at the facts. We’ll start by looking at a few from
field of comparative anatomy: the study of differences and similarities between living things.
Whales live in water and from a distance, they sort of look like giant fish. A close inspection of
their anatomy however, tells us a very different story.
Whales, just like land mammals but unlike fish:
•
•
•
•

have placentas and give live birth.
They feed milk to their young.
They are warm blooded (which is extremely rare for a fish)
and whales do not have gills, instead, just like us, they breath air with 2, fully developed
lungs.

Whales don’t seem to have noses like mammals do. Instead they breathe through blowholes
coming out the tops of their heads. Some whales have two blowholes which almost look like
nostrils, but dolphins and porpoises only have one. Surprisingly, if you look at their skulls, you
find that the blowhole splits into 2 nasal passages inside the head. Could it be that the blowhole
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is actually a highly modified mammal nose? It looks that way but we’ll need more evidence to be
sure.
Many whales have hair, just like land mammals. In this photograph, you can actually see the
whiskers of this baby gray whale as he rests his chin on mama's back.
Strangely, whales have arm, wrist, hand, and finger bones inside their front flippers. Here’s a
photo of these bones, the same bones that bats, hippos and people have in their front appendages:
One bone, two bones, wrist, hands and finger bones.
Modern whales do not have back legs but they do have a strange pair of bones where the hind
legs should be. Here’s a picture of these bones from a bowhead whale. They almost look like
shriveled hip, thigh, and shin bones. This one even has a ball and socket joint between the hip
and thigh bone, just like the ball and socket joint in your own hip. Is this resemblance a mere
coincidence or are these real leg bones? Perhaps leftovers from the whales evolutionary history?
Before we draw any bold conclusions, let’s see if a completely separate line of evidence will
confirm our suspicions.
Embryology is the study of how creatures develop before being born or hatching from an egg.
Here we see a dolphin and a human embryo, side by side, at similar stages of development.
Notice that they both have what look like arm buds, and leg buds. In humans, the leg buds grow
to become legs. In whales, they grow for a while, but then stop, effectively fading away as the
rest of the whale continues to grow.
These are all photographs of a common dolphin at different stages of growth. Notice that early
on, we see two nostril grooves on the front of the face, just like you’d expect in a puppy or a
human.
As the dolphin continues to grow, the nostril groves migrate to the top of the head and fuse
together becoming the dolphin’s blowhole.
So far we have multiple facts from two independent lines of study, comparative anatomy, and
embryology, that are both telling us the exact same story: The ancestors of whales were once 4
legged land creatures! Will the fossil record act as a third witness confirming this idea?
These are two species of extinct basilosaurid whales!
These animals are known from multiple well preserved skeletons. They appear to have lived side
by side roughly 34 to 40 million years ago.
In this photograph we are looking down at the top of a basilosaurid skull. This is not a model or a
cast, these are the actual bones which were pulled from the ground. Notice that the nasal
opening is not on the top of the head like those of modern whales, and not at the end of the snout
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like those of land mammals. Instead it’s right in the middle, this is an intermediate species,
exactly what the theory of evolution tells us we should find!
At the back-end of a basilosaurid’s body, there are small, yet fully developed hips, legs, ankle,
feet and toe bones.
These legs are far too small for walking on land, but they may have been useful while mating or
for scratching away parasites and itchy skin.
Evolutionary theory tells us that the further we go back in time, the harder it should be to
distinguish whales from normal land mammals.
Meet Maiacetus. The hip bones of Maiacetus seem sturdy enough to walk on land, but this
animal is considered to be a whale for many reasons:
Their skeletons have all been found among fossils of sea-creatures, which tells us they lived in
the ocean;
Their short legs combined with long flat fingers and toes, suggest they were strong swimmers
with webbed hands and feet.
Here we see the bottom side of a maiacetus jaw and skull. Her teeth match those of the
basilosaurid whales we saw earlier.
And the unique structures of her middle ear bones, match those of basilosaurid whales and
modern whales. Maiacetus appears to be, a walking whale!
Scientists have found the fossils of many ancient whale-like mammals, and continue to find
more. Together, these fossils blur the line between four legged land mammals and fully aquatic
modern whales, solidifying the idea that whales indeed, evolved from land creatures.
Now let’s look at a 4th line of evidence: DNA? DNA molecules contain chemical codes which
act like recipes for living things.
Without ever looking at bones, embryos, or anatomy, researchers can compare the DNA code of
different living creatures to find out who is most closely related to who.
Whale DNA has been compared to all kinds of other animals: fish, sea lions, you name it, and so
far, the closest genetic match, is to the pudgy, water-loving hippopotamus.
This does not mean that whales evolved from hippos, but if this genetic finding is correct, whales
and hippos both evolved from a common ancestor that lived roughly 54 million years ago.
At first the link between whales and hippos surprised researchers because whales are mainly
carnivores - they eat things like fish and small crustaceans; hippos, on the other hand, are mostly
vegetarian.
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A closer look however, reveals that hippos and whales, actually share many strange features,
some of which may have come from their common ancestor.
Ancient walking whales have specially shaped ankle bones, found only in hippos and the close
relatives of hippos. Just like whales, hippos are known to give birth and even nurse their young
underwater. They both have multi chambered stomachs, which is common for herbivores but
unheard of in fish-eating mammals. They are both missing a coat of fur, and here’s a fun fact whales and hippos are among the only mammals on earth that have internal testicles.
So there you have it, four independent lines of evidence, all tell us the exact same story. Whales
evolved from four legged land mammals. But the history of whales is not the only evolutionary
history that we’ve been able to work out.
We know from fossils, DNA, embryology and many other lines of evidence that bird wings are
actually modified arms and claws! Birds evolved from dinosaur-like ancestors.We can also
clearly see that bat wings evolved from 5 fingered hands, very similar to those of monkeys and
shrews.
We’ve found that humans share a fairly recent common ancestor with chimpanzees, that
mammals evolved from reptile-like creatures, those reptile-like creatures evolved from
amphibian-like creatures, those amphibian-like creatures evolved from fish-like creatures, and
fish if you go back far enough, share a common ancestor with segmented worms.
So to sum things up, thousands of observable facts from completely independent fields of study,
have come together to tell us the exact same story.
All living things on earth are related.
I’m Jon Perry and that’s a basic overview of the evidence for evolution, Stated Clearly.
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A screenshot of the video with captions:

A screenshot of the video without captions:
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Participant Informed Consent

I agree to participate in the research project titled “The Effects of Using Different Multimedia
Learning Environments on the Learning Outcomes of Second Language Learners” being
conducted by Araya Ramsin, a graduate student at Northern Illinois University. I have been
informed that the purpose of the study is to investigate the effects of different multimedia
learning environments on the learning outcomes of second language learners.
I understand that if I agree to participate in this study, I will be asked to watch a 20-minute video
on two related science topics. I also understand that I will be asked to complete a pretest and a
posttest to assess my comprehension of the content presented in the video. I further understand
that I will be asked to provide demographic information including my English proficiency test
score.
I am aware that my participation is voluntary and may be withdrawn at any time without penalty
or prejudice, and that if I have any additional questions concerning this study, I may contact
Araya Ramsin, the researcher, at (815) 508-0202 or Dr. Hayley Mayall, faculty advisor, at (815)
753-4710. I understand that if I wish further information regarding my rights as a research
subject, I may contact the Office of Research Compliance at Northern Illinois University at (815)
753-8588.
I understand that the intended benefits of this study include providing helpful suggestions for
instructors and instructional designers on how to appropriately incorporate multimedia into the
design and development of instructional materials that can successfully facilitate second
language learners and serving as research-based guidelines for future development of multimedia
instructional materials, especially in the area of English language learning.
I have been informed that there are no known risks and/or discomforts associated with this study.
I understand that all information gathered during this study will be kept confidential by
restricting access to the data to the researcher alone.
I realized that Northern Illinois University policy does not constitute a waiver of any legal rights
or redress I might have as a result of my participation, and I acknowledge that I have received a
copy of this consent form.
By signing this form, I am attesting that I have read and understand the information above and I
freely give my voluntary consent to participate in this research with full knowledge of the nature
and purpose of the procedures.

Participant Name (Printed): __________________________________________
Participant Signature:

__________________________________________

